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I. INTRODUCTION 
It is common procedure for breeding programs to evaluate genotypes 
in more than one environment because the phenotypic values are a func­
tion of the environmental conditions. The joint action of physical 
(climate and soil) and biological (diseases, insects, weeds, and human) 
factors defines the environmental conditions under which the genotypes 
are grown. 
Genotypes generally respond to favorable environmental conditions. 
However, the magnitude of the response varies among genotypes. Dif­
ferential responses of the genotypes to the environments in which they 
are grown are known statistically as genotype x environment interac­
tions. Genotype x environment interaction complicates the objectives 
of breeders in identifying and selecting genetically superior individ­
uals and populations. 
The ideal situation for breeders would be either one without dif­
ferences among environments or when genotypes respond similarly to dif­
ferent environments. Hence, a single environment would be sufficient 
to select superior genotypes. But this situation is seldom found for 
areas for which a breeder is responsible. Breeders commonly find dif­
ferences among environments and among genotypes responses to environ­
ments (genotype x environment interaction). Because genotype x environ­
ment interactions are usually experienced in testing programs, breeders 
use more than one environment to compare genotypes. 
The efficiency of a breeding program is a function of the magni­
tude and importance of genotype x environment interactions. If 
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genotype x environment interactions are controlled and used to favor 
to breeder's purposes, the breeding program gains efficiency in develop­
ing varieties. The Bajic region in west-central part of Mexico has 
been recognized as a breeding region since breeding activities were 
formally initiated in the 1940s. The region has been characterized 
by having germplasm and environment diversity. The number of experiment 
stations in the region has been augmented in the last few years. The 
increased number of breeding stations and testing locations increases 
the possibility of duplication of effort because of similar germplasm 
and environments and common breeding objectives among the experiment 
stations. The duplication of effort among experiment stations may cause 
a reduction in the efficiency of the breeding program to develop com­
mercial varieties. 
The objective of ny study was to determine if the efficiency of 
maize (Zea mays L.) breeding and testing could be increased in the 
Bajic region. The criteria used to determine if the efficiency of the 
breeding and testing programs could be increased were: the degree of 
relationship among environments and among groups of environments, the 
relationship among varieties, the relative importance of variety x 
environment interactions, and the response and stability of the per­
formance of varieties to different groups of environments. 
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II. LITERATURE REVIEW 
A. Zoning and Environmental Choice for Breeding 
1, Physical variable analysis 
Definition of analogous environmental areas for agronomic research 
include physical variables, climatic and soil data (Ford and Nielsen, 
1982), and climatic variables and their relationship with crop per­
formance (Boyd et al., 1976). Knowledge of the nature of the environ­
mental variation in a given region is important to properly plan breed­
ing efforts (Boyd et al., 1976). 
2. Combined analysis of variance 
The analysis of experiments repeated in time (years) and space 
(locations) is one of the most important and powerful statistical tools 
available to plant breeders. The combined analysis of variance provides 
a better understanding of the interaction between genotypes and environ­
ments and the components of the environments. The combined analysis of 
variance technique for repeated experiments (Yates and Cochran, 1938; 
Cochran and Cox, 1957) and the procedures for estimation of the com­
ponents of variance (Comstock and Moll, 1963) for randomized complete 
block and split-plot designs for random, fixed, and mixed models 
(Mcintosh, 1983) are now available. Combined analysis of variance and 
estimates of the components of variance have been used to define homoge­
neous areas by grouping locations that give the smallest variety x loca­
tion mean squares (Homer and Frey, 1957; McCain and Schultz, 1959; Liang 
et al., 1966). Information from the combined analysis of variance has 
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been used in determining use of varieties for specific zones. If the 
variety x location interaction in the analysis of variance is not signifi­
cant, the region in question is considered homogeneous and, consequently, 
no further subdivision of the region is necessary (Miller et al., 1959). 
Also, estimates of the components of variance have been used to deter­
mine optimum allocation of resources, such as number of entries, repli­
cations, and environments in a breeding program (Sprague and Federer, 
1951; Jones et al., 1960; Campbell and Lafever, 1977; Teich, 1983). 
Unreplicated trials that permit an increase in the number of locations 
and years have been found to be the best combination to obtain greater 
genetic gain (Sprague and Federer, 1951; Pederson and Rathjen, 1981). 
Recurrent selection programs are conducted to improve populations 
and include the evaluation of families in replicated trials repeated 
over environments. The superior families are selected for recombina­
tion. The average performance of the best families is based on their 
performance across environments. Breeders occasionally select genotypes 
within locations because they may be interested in continuing the evalu­
ation of those selected genotypes for possible release and recommenda­
tion to the farmers. In this particular instance, the number of geno­
types selected for further testing in a given area increases as the 
number of locations increases, but the number decreases as the herita-
bility increases (Hinz et al., 1977). 
3. Correlations and multivariate techniques 
The relative change in response of varieties among environments 
has been measured by the correlation coefficient between environments 
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using mean values (mean across replications) of different varieties 
evaluated at those environments. Grouping of environments having 
similar correlations permits the detection of related locations or 
homogeneous areas. The identification of related locations would reduce 
the number of test sites in a given region without a significant loss of 
information (Guitard, 1960). Also, the similarity among locations in 
different states or regions can be determined (Campbell and Lafever, 
1977, 1980; Barker et al., 1981), and the similarity of combined loca­
tions with all locations considered (Hamblin et al., 1980) would reduce 
the number of environments required for identifying superior varieties. 
The correlation coefficient between each test environment and the 
overall mean across environments, or the target population of environ­
ments, has been shown to be involved in the formula for expected gain 
in the following manner: E(A-) = kra-v^ (Allen et al., 1978), where 
E(A-) is the expected gain from selection; k is the standardized selec­
tion differential; a- is the square root of the genotypic variance; 
H is broad-sense heritability, and r is the correlation coefficient be­
tween mean performance of genotypes in a test enviornment and in the 
target population of environments. If k and a- are considered constant, 
the value of any environment, or group of environments as a test environ­
ment, is measured by the product rt4ï (Allen et al., 1978). Under this 
situation, environments with higher r values are preferred as test 
environments (Allen et al., 1978). The use of this criterion in the 
selection of locations for testing purposes was reported by Barker et al. 
(1981). 
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The previous formula for expected gain can be expressed in a dif-
2 ferent manner (Comstock and Moll, 1963): E(A-) = k(o_ + ja- ^-)/o_, y y y*iy p 
2 
where E(a_), k, and o_ are as defined by Allen et al, (1978); j is the 
jth environment; "^y.yf is the covariance between genotypic effect y 
(mean of each entry across all environments minus mean of all entries 
across all environments or grand mean) and genotype x environment ef­
fects fy (mean across replications plus grand mean minus mean across 
environments and mean across genotypes). The covariance estimates be­
tween y and fy provide useful information to choose environments. It 
is clear from this formula that environments giving the higher covari­
ance estimates would be considered as candidates for testing sites. 
Correlations between environments and the concept of target population 
of environments have been used for theoretical considerations in selec­
tion under stress and nonstress environments (Rosielle and Hamblin, 
1981), and for analysis of different statistical criteria in the selec­
tion of environments to represent adequately the target population of 
environments (Fox and Rosielle, 1982b). 
The analysis of similarity among locations stimulated the formal 
use of multivariate techniques for the classification of environments 
to detect uniform areas in which the significance of genotype x location 
interaction was expected to be minimized (Abou-El-Fittouh et al., 1969). 
Cluster analysis has been useful to identify homogeneous areas for test­
ing breeding materials by using genotype x environment interaction data, 
the correlation coefficient and Euclidean distances, and the average 
linkage cluster method (Abou-El-Fittouh et al., 1969; Gomez Montiel and 
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Cervantes-Santana, 1981; Ghaderi et al., 1980). The classification of 
native maize collections and their mapping on the collection sites pro­
vided a useful alternative to identify uniform areas, especially in 
regions where native varieties were grown (Cervantes-Santana, 1982). The 
technique can be related directly to the combined analysis of variance 
(Lin, 1982). 
Multivariate techniques based on two-way information tables, re­
ferred to as pattern analysis (Mungomery et al., 1974), have been used to 
identify either similarity among environments or similarity among geno­
types and their implications in a breeding program (Goodchild and Boyd, 
1975; Bythetal., 1976; Shorter et al., 1977; Ghaderi et al., 1980; Brennan 
et al., 1981; Fox and Rathjen, 1981; Hayward et al., 1982; Basford, 1982). 
The use of multivariate techniques to identify related environments and 
genotypes have been useful to simplify the study and interpretation of 
genotype x environment interactions. The clusters obtained, however, 
depended on the type of data analyzed (Fox and Rosielle, 1982a), the 
distance measured (Abou-El-Fittouh et al., 1969; Gomez-Montiel and 
Cervantes-Santana, 1981), and the cluster method used (Johnson and Wichem, 
1982). The clusters, generally, did not define clearly geographic areas, 
especially when many factors are involved in the characterization of 
the environments under study (Gomez-Montiel and Cervantes-Santana, 1981). 
B. Stability 
Stability is defined as the ability of genotypes to perform satis­
factorily in a given region defined by certain environmental factors. 
Stability of performance is one of the major concerns for plant breeders, 
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and it is related to genotype x environment interactions. Genotype x 
environment interactions and their implications in plant breeding have 
been reviewed (Allard and Bradshaw, 1964; Freeman, 1973; Hill, 1975). 
Many statistical techniques have been used to study the adaptability of 
plants (Matsuo, 1975). 
The identification of uniform areas for breeding purposes does not 
guarantee absence of genotype x environment interactions. Because of 
the importance of genotype x environment interactions, other parameters, 
in addition to the mean performance, have been proposed and used to 
characterize, describe, and compare genotypes when tested in many en­
vironments. These parameters have been generated primarily from the 
partitioning of the genotype x environment interaction in the combined 
analysis of variance. 
It is evident that variety performance depends on environmental 
conditions under which the variety is grown, but environmental condi­
tions do not depend on variety performance. This relation between 
variety and environment defines an ideal situation that can be described 
using regression analysis of genotype performance on environmental values 
or an environmental index. Simple regression analysis was used in 1938 
to describe and compare varietal performance (Yates and Cochran, 1938). 
The technique included the decomposition of the variety x environment 
interaction sum of squares into sum of squares due to regression and 
deviations from regression. This technique was ignored for more Lhan 
20 years. The suggestion of Yates and Cochran (1938) was reexamined 
by Finlay and Wilkinson (1963), who placed more emphasis in the 
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interpretation of the regression coefficients obtained from the analysis. 
The coefficient of regression (b) has been adopted as a measure, or 
parameter of adaptability. Varieties exhibiting high b values are 
defined as varieties adapted to environments of high productivity while 
low b values are associated with varieties that do not respond to good 
environments. Regression values of about one are associated with 
general adaptation. 
Deviations from regression as a measure of variety stability also 
were suggested (Rowe and Andrew, 1964). Eberhart and Russell (1966) 
emphasized the importance of the use of the deviations from regression 
2 (S ) as a measure of stability. They also presented a model for the 
d 
2 
stability analysis that permitted the estimation of the b and 
parameters. The b values were a measure of response to environments 
2 
and the S^ values were a measure of stability. The regression analysis 
technique used the mean of all the varieties included in a particular 
environment as an estimate of the environmental index on which the 
varieties were regressed. The inclusion of the varieties in the environ­
mental index has been questioned because an independent estimate of the 
environmental index from variety performance was not used. Two other 
models, similar to that of Eberhart and Russell (1966), have been con­
sidered in relation to an independent assessment of environmental index 
(Perkins and Jinks, 1968; Freeman and Perkins, 1971). 
Combined analysis of variance of pairs of varieties across loca­
tions (environments) to determine the relative contribution of each 
variety to the variety x environment interaction was presented by 
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Plaisted and Peterson (1959). Plaisted (1960) described the technique 
with fewer calculations. The procedure, however, has not been used ex­
tensively because the amount of calculations involved is considerable, 
especially when a large number of varieties are tested. Genotype x en­
vironment interaction effects (residual data) have been used to calculate 
two parameters to measure variety stability; 'ecovalence' (Wricke, 
1962), which is the sum of squares of the genotype x environment inter­
actions of each variety, and 'stability variance' (Shukla, 1972), which 
is an unbiased estimate of genotype x environment interactions variance 
2 for each variety. The coefficient of determination (r ), which measures 
the proportion of variability explained by linear regression, other 
stability parameters, such as and X^(Tai, 1971), and range (Langer 
et al., 1979) have been proposed and tested. 
The use of stability parameters has become an additional criterion 
of selection for breeders. Stability analyses provide a more complete 
evaluation of the performance of genotypes than only the use of the mean. 
Regression coefficient and deviations from regression are probably 
used more frequently than the other suggested measures of stability. 
The mean of ail varieties as environmental index to regress the variety 
performance has been used, despite the statistical inconvenience caused 
by nonindependence in the assessment of the environmental index and the 
variety performance. Independent environmental indexes have been used 
where either the mean of the varieties was not included in the analysis 
(Bilbro and Ray, 1976; Wai-Koon et al., 1979) or the physical measure­
ments, such as rainfall, temperature, growing degree days, and other 
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factors, were available (Nor and Cady, 1979; Wood, 1976). In both 
instances, the correlation between b values, obtained by regressing the 
variety performance on either the all varieties mean or on any of the 
independent indexes, was high (Wai-Koon et al., 1979; Nor and Cady, 1979). 
Some stability parameters have been found to be related; for 
example, mean with regression coefficient and variance, and deviations 
from regression with 'ecovalence' and r (Langer et al., 1979; Nguyen 
et al., 1980; Becker, 1981; Gray, 1982). Poor repeatability also has 
been reported for regression coefficient estimates (Fatunla and Frey, 
1976) and 'stability variance' (Eagles and Frey, 1977). 
Analysis for stability, or joint regression analysis (Yates and 
Cochran, 1938; Finlay and Wilkinson, 1963; Eberhart and Russell, 1966; 
Perkins and Jinks, 1968) has been the most widely used procedure to 
study, describe, and compare variety performance. Studies that included 
different crops and environmental conditions have been conducted (Okuno 
et al., 1971; Joppaetal., 1971; Johnson et al., 1968; Carballo-Carballo 
and Marquez-Sanchez, 1970; Frey, 1972; Fairs et al., 1979; De Pauw et al., 
1981; Pfahler et al., 1983; Kikuchi et al., 1975; Brennan and Byth, 1979). 
Stability of the genotypes depends on the type of population, past 
selection, and the buffering capability of the population to variable 
environmental conditions. The general order for stability in relation 
to genetic diversity in a cross-pollinated species has been hybrid 
blends, double crosses, three-way crosses, single crosses and lines 
(Reich and Atkins, 1970; Patanothai and Atkins, 1974; Weatherspoon, 
1970; Jowett, 1972; Eberhart and Russell, 1969). This is not, however. 
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the absolute relation because single crosses, for example, have been 
found to be as stable as double crosses (Eberhart and Russell, 1969). 
Single crosses from selected and unselected lines have shown similar 
stability when stability was not one of the criteria in the selection 
(Gama e and Hallauer, 1980). Also, level of heterozygosity is important 
to consider in the context of stability, since it seems that hetero­
zygosity is directly associated with stability (Shank and Adams, 1959; 
Adams and Shank, 1959; Williams, 1960). In self-pollinated species, 
the order found regarding stability and genetic diversity has been bulk 
populations, mixtures, and pure lines (Allard, 1960). 
Studies of physiological traits, such as prolificacy in maize 
(Zea mays L.) (Russell and Eberhart, 1968; Prior and Russell, 1975; 
Russell and Prior, 1975) and maturity (Weaver et al., 1983; Mohamed 
Saeed and Francis, 1983; Baihaki et al., 1976), have shown differences 
in stability. 
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III. MATERIALS AND METHODS 
A. The Bajio Region 
The Bajio region is considered one of the most important regions in 
Mexico for the production of food products to feed the Mexican popula­
tion. This region is located in central Mexico between approximately 
101 and 104° East meridians, and 19.5 and 22° North latitude. The loca­
tion of the Bajio region in Mexico is shown in Figure 1. 
The states included in the Bajio region are Guanajuato (Gto), 
Jalisco (Jal), and Michoacan (Mich). Guanajuato is the primary state 
that people recognize as 'El Bajio" in Mexico, but Jalisco and Michoacan 
have considerable areas with conditions similar to Guanajuato. The 
Queretaro (Qro) and Aguascalientes (Ags) states are in the same part 
of the country and have small areas that are considered typical to those 
of Bajio. For breeding purposes, some other small areas in other states 
in the country have been considered to have conditions similar to those 
of Bajio. States with small areas similar to Bajio are Durango (Dgo), 
Zacatecas (Zac), San Luis Potosi (SLP), Morelos (Mor) , and Oaxaca (Oax). 
1. Environment 
The climate in the Baj io region is intermediate between hot and 
cold conditions. The subgroups of climates, according to the system of 
classification of Coppen adapted by Garcia (1964) to the Mexican condi­
tions, that predominate in the region are A(C) and (A)C and the types 
BS^ and BS^. Subgroup A(C) is defined as semi-hot with annual mean 
temperatures between 18 and 22°C (64.4 and 71.6°F), and the temperature 
USA 
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Figure 1. Location of Bajlo region In Mexico 
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of the coolest month is greater than 18°C. Subgroup (A)C also is defined 
as semi-hot with annual mean temperatures of the coolest month between 
-3 and 18°C (26.6 and 64.4°F). These two subgroups are defined mainly 
by temperature, but within them there are different regimens of precipi­
tation giving different types of climates. The BS^ (semi-dry) and BSq 
(dry) climate types are defined by level of humidity, since the 
temperature variation is similar to the other subgroups. The most pre­
dominant and typical climate in Bajio is the (A)C subgroup. The 
distribution of climates in the region is shown in Figure 2. The areas 
with climate group C or temperate are shown in Figure 2. Also, the 
location of the experiment and sub-experiment stations are indicated on 
the map in Figure 2. The experiments and sub-experiment stations will 
be referred to simply as experiment stations. Actually, the region 
represented on the map of Figure 2 corresponds to the area or domain 
of the regional center CIAB (Center of Agriculture Research of Bajio) 
of INIA (National Institute of Agricultural Research). 
From the climatic information, the annual mean temperature in the 
region and areas similar to Bajio is about 20°C (68°F), and the range 
is from 18 to 22°C. During the winter season, temperatures are often 
below zero centigrade, so that crops sensitive to low temperatures are 
not planted in the region. Annual precipitation ranges from less than 
500 millimeters (mm) in BS^ and BS^ climate types to about 1000 mm in 
A(C) subgroups. Most of the precipitation occurs in the form of rain 
from May to October but with an irregular distribution. The range in 
elevation is from about 1200 meters above sea level to 2000 meters 
if-«. . . ,;iiii|.. iililililiil^: .l| 
J J • I , I 1 I I I , I I I i' 
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Figure 2. Climates in Bajio region, Mexico 
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above sea level. 
2. Crops 
Most of the cultivated area is planted under rainfall conditions, 
and the most important basic crops are maize, sorghum (Sorghum bicolor 
Moench), common bean (Phaseolus vulgaris L.), and common spring wheat 
(Triticum aestivum). Wheat is generally grown in the winter-spring 
season (November to April) under irrigation. The other crops are grown 
under either irrigation or natural rainfall but mostly under natural 
rainfall conditions. 
Maize is the major crop in the region, both for production and 
area under cultivation. The area under maize cultivation is about 2.0 
million hectares in Bajio region and similar areas in Mexico. This 
represents more than 25% of the total area cultivated with maize, and 
about 33% of the total maize production in Mexico. 
The two major categories of maize production are irrigated and 
natural rainfed. Within these two large categories, there are many 
variations or systems of maize cultivation. The different systems with­
in each category vary because of the variation in controllable and non-
controllable factors involved in the production of maize within the re­
gion. Soil variation and its interactions with moisture are the most 
important noncontrollable factors. Availability and distribution of 
inputs for maize production, such as machinery, fertilizer, certified 
seed, and chemicals, are some of the controllable factors that vary 
within the region. Also, the farmer's strategies adopted by tradition 
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must be considered as an important source of variation in the systems 
of raising maize in Bajio. The production of maize with common beans 
and pumpkins (Cucurvita pepo) is one of the most popular traditional 
methods of maize production, especially under natural rainfall condi­
tions. 
The combination of diverse factors makes the maize production in 
Bajio similar to a mosaic. By considering moisture in the soil, however, 
four major systems of production have been recognized in the region; 
i.e., irrigation, half-irrigation, natural rainfall, and residual soil 
moisture. The system is classified as irrigation when more than one 
application of water is provided during the cycle of the crop. Half-
irrigation is when the water is applied only at planting, and the growing 
season is completed with rainfall during the rest of the season. Most 
of the irrigation sytems are by gravity flow. Under this type of irri­
gation system, considerable water is wasted in the movement of water 
from the Lerma River reservoirs and other water sources to the farmers' 
fields. 
Under natural rainfall systems, maize is grown to take advantage of 
the rains that occur from May to October. The rainy season is generally 
established (enough moisture in the soil to plant) by June, but in some 
years it may be late May or the middle of July when enough moisture is 
available to plant. Some farmers risk planting maize in dry soil during 
May, or later in July when rainfall is delayed in the season. 
The residual moisture system is restricted to the cooler areas or 
to soils that have the capability of retaining moisture after the rainy 
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season is over. In this type of planting, stands are generally poorer 
because of the moisture variation in the soil at planting date. Despite 
the experiences of poorer stands, the system is used frequently because 
farmers can plant later varieties early in the season before the rainy 
season starts. The later varieties planted under residual moisture be­
fore the rainy season starts yield more than the earlier varieties 
planted at the start of the rainy season. 
Some disease problems on maize production have been reported in Bajio. 
The most severe disease, which has caused serious epidemics, is the head 
smut [Sphacelotheca reiliana (Kuh) Clint.] (Lopez et al., 1959; Miranda-
Jaimes, 1960-1961). The prevalence, severity, and incidence of other 
diseases, such as fusarium stalk rot (Fusarium moniliforme Sheld.), tar 
spot (Phyllachora maydis Maubl.), downy mildews (Peronosclerospora 
sorghi Weston and Uppal, Sclerophthora macrospora Sacc, and JP- sacchari T. 
Miyake), Southern corn leaf blight (Helminthosporium maydis Nisik), and 
common maize rust (Puccinia sorghi Schw) , have been reported. Tar spot and 
Southern com leaf blight have been more prevalent in high transition 
(between Bajio and highland conditions) and low transition (between 
Bajio and tropical conditions) areas, respectively. 
The maize breeding program was established in Bajio region by the 
1940s. The program started using the native cultivars as the germplasm 
(Wellhausen, 1947). By the 1950s, the first varieties were released for 
commercial planting (Anonymous, 1955; Garza and Olser, 195S). The basic 
germplasm of these varieties came primarily from the race 'Celaya', which 
has been the predominant type of native maize grown by farmers. 
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especially in Guanajuato (Wellhausen et al., 1951). Other races that 
have been used in the breeding program included 'Bolita' and 'Tuxpeno'. 
After the epidemic of head smut (Sphacelotheca reiliana) in 1958 
(LopcZ et al., 1959; Miranda-Jaimes, 1960-1961), lines from H-353, a 
commercial hybrid formed with lines from 'Tuxpeno' and 'Celaya', were 
selected for head smut resistance, and new varieties from these lines 
were released by the 1970s. Recently, new germplasm, primarily popula­
tions from CIMMYT (International Center for Improvement of Maize and 
Wheat), has been tested in the region, and some of them were incorpor­
ated in the breeding program. 
In previous years, breeding was oriented to developing varieties 
to be grown under irrigation for maximum yield per area. Presently, 
water and other inputs have become more restrictive and expensive, and 
the pressure of the population growth has become greater. The present 
objectives of the breeding program include developing more efficient 
varieties for irrigated areas to satisfy farmers' needs, and the demand 
for more food by the increasing population in the country. 
B. Materials 
The varieties included in my study are listed in Table 1. The 
varieties have been released for commercial use except for EH (Experi­
mental Hybrid). They can be classified into four groups, according to 
their maturities: late (A-793, B-15, B-666, B-670, EH, H-366, H-369, 
VS-373, and H-507); intermediate (Celaya II, H-133, H-309, H-352, 
P-515 and V-370); early (H-220, H-221, H-222 and H-230); and very early 
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Table 1. Varieties included in the study conducted in the Bajio 
region of Mexico 
No. Variety No. Variety No. Variety 
1 VS-201 9 H-230 17 H-369 
2 VS-202 10 H-133 18 B-670 
3 H-309 11 Cafime 19 Celaya II 
4 V-370 12 H-220 20 VS-373 
5 H-204 13 H-221 21 H-352 
6 H-507 14 B-666 22 H-366 
7 H-222 15 B-15 23 A-793 
8 P-515 16 EH 
(Cafime, H-204, VS-201, and VS-202). VS-201, VS-202, Cafime, Celaya 
II, and VS-373 were open-pollinated varieties, and the others were 
either double or three-way cross hybrids. The H, VS, and V varieties 
in Table 1 were developed by INIA and the others by different private 
companies. 
Very early varieties are recommended for areas having less than 
600 mm precipitation, and early varieties for areas with rainfall be­
tween 600 and 700 mm. Intermediate varieties are recommended for 
areas with more than 700 mm precipitation or for half-irrigation condi­
tions, and late varieties either for irrigation or for areas having more 
than 800 mm precipitation. Varieties H-133 and P-515 are recommended 
for specific areas in the region: H-133 in the cooler areas under ir­
rigation or with good precipitation; and P-515 in the warmer areas 
under natural rainfall conditions. H-507 is not recommended for com­
mercial plantings in Bajio, but for areas that have a warmer climate. 
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C. Procedures 
1. Experiments and test sites 
The experiments originally included 25 entries with four replica­
tions evaluated in a 5x5 lattice design. A 4-row plot with 26 plants 
per row was planted. Data were collected in the center two rows. The 
25-entry experiment was conducted at several locations in Bajio and 
areas similar to the Bajio region during 1979, 1980, and 1981. The 
experiments were conducted according to local recommendations at each 
location. 
Most of the experiments were planted on farmers' land. The 
cultural and husbandry practices for good maize culture were used by 
the farmers. Table 2 includes a listing of the experiments, location 
of each experiment, and a brief description of each experiment. The 
six aspects describing the experiments are in the order listed in 
Table 2: land type (ES or FL); planting conditions (I, R, or RM), 
planting date, fertilization treatment, population density, and the 
type of harvest (A or CP). The initials indicate whether the experiment 
was conducted either on an experiment station (ES) or on farmer land 
(FL); grown under natural rainfall (R), irrigation (I), or residual 
moisture (RM); and yield was determined on an area (A) or competitive 
plant (CP) basis. An apprxoimately location for each of the experi­
ments is shown in Figure 3. The location of experiments that were not 
conducted in the domain of CIAB is not included in Figure 3. 
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Table 2. Experiments conducted in Bajio and areas similar to Bajio 
in Mexico during 1979, 1980, and 1981 
Exp. Location 
1 CAES, Celaya, Gto. 
2 Salamanca, Gto. 
3 Cerritos, M. Doblado, Gto. 
4 Bellavista, Penjamo, Gto. 
5 Sn. Miguel, Yuriria, Gto. 
6 CAEB, Celaya, Gto. 
7 Valle de Poanas, Dgo. 
8 CAEVAG, Durango, Dgo. 
9 Trapiche, Zimatlan, Oax. 
10 CAEVAX, R. Mantecon. Oax. 
11 CAEVAG, Durango, Dgo. 
12 CAEVAG, Durango, Dgo. 
13 Cerritos M. Doblado, Gto. 
14 CAEB, Celaya, Gto. 
15 CAEB, Celaya, Gto. 
16 CAEB, Celaya, Gto. 
17 CAEB, Celaya, Gto. 
18 Chamacuaro, Acambaro , Gto. 
19 Silao, Gto. 
20 Sn. P., Salvatierra, Gto. 
21 Buenavista, Penjamo, Gto. 
22 Buenosaires, Penjamo , Gto. 
23 C. Nvo. Mex. Silao, ( 3to. 
24 Sn. Miguel, Yuriria, Gto. 
25 CAEB, Celaya, Gto. 
26 R. la Mora, Mascota, Jal. 
27 Antonio Escobedo, Jal. 
28 Sn. Simon, Magdalena , Jal. 
29 Zapopan, Jal. 
30 Acatic, Jal. 
Description^ 
ES,1(6), 5/1/79,180-40-00,50000,CP 
FL,1(3),5/23/79,183-28-00,50000,CP 
FL,R ,7/17/79,120-40-00,45000,A 
FL,R ,7/17/79,120-40-00,50000,A 
FL,R ,7/24/79,120-40-00,50000,A 
ES,R ,7/26/79,120-40-00,50000,A 
FL,I ,5/23/79,120-40-00,50000,A 
ES,I ,5/21/79,120-40-00,50000,A 
FL,R , 7/3/79, 60-40-00,40000,A 
ES,R ,7/12/80, —b ,40000,A 
ES,I ,4/30/80,120-40-00, — ,A 
ES,I ,5/28/81,120-40-00,50000,CP 
FL,R ,7/18/80,100-40-00,44600,A 
ES,1(7),3/18/80,180-40-00,50000,CP 
ES,1(7),4/16/80,180-40-00,50000,CP 
ES,1(3),5/16/80,180-40-00,50000,CP 
ES,1(3),6/16/80,180-40-00,50000,CP 
FL,1(1),5/17/80,180-40-00,50000,A 
FL,I(4), 5/5/80,180-40-00,50000,CP 
FL,1(1),5/13/80,180-40-00,50000,CP 
FL,I(1), 6/6/80,180-40-00,50000,A 
FL,R , 7/9/80,120-40-00,50000,A 
FL,R ,7/18/80,100-40-00,5QD00,A 
FL,R , 8/3/80,120-40-00,50000,A 
ES,R ,8/15/80,100-40-00,50000,A 
FL,R , 7/6/80,140-50-00,50000,A 
FL,R , 7/4/80, — ,50000,CP 
FL,R ,7/14/80, — ,50000,CP 
FL,R ,5/15/80,180-70-00,50000,CP 
FL,R , 80, — — ,A 
^The description includes type of land used for the experiment 
(ES for Experiment Station and FL for farmer land); source of moisture 
(R for natural rainfall, RM for residual moisture, and I (No.) for 
irrigation); date of planting (month, day, year); fertilizer applied 
(kg/ha of N, P, K, respectively); stand density at each location 
(plants per hectare); and how the yield of the entries was determined 
(A for area basis and CP for competitive plant basis). 
^Data were not available. 
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Table 2. (Continued) 
Exp. Location Description^ 
31 Cuquio, Jal. FL,R 
<
 1 
o
 
00 
32 CAEAJAL, Tepatitlan, Jal. ES,R 80, — , — ,A 
33 Tlajomulco, Jal. FL,R 80, — , — ,A 
34 Ojo de Agua, Jal. FL,R 80, — , — ,A 
35 Trejos, Jal. FL,R /24/80, — , — ,A 
36 CAEB, Celaya, Gto. ES,1(4) /24/81,180-40-00,50000,CP 
37 Buenavista, Penjamo, Gto. FL,I(4) 5/7/81,180-40-00,50000,A 
37 CAEB, Celaya, Gto. ES,1(4) 2/24/81,180-40-00,50000,CP 
38 Silao, Gto. FL,I(3) 5/3/81,180-40-00,50000,A 
39 Maravatio del Enc., Gto. FL,I(3) 5/16/81,180-40-00,50000,A 
40 CAEB, Celaya, Gto. ES,1(4) 5/23/81,180-40-00,50000,CP 
41 CAEB, Celaya, Gto. ES,1(3) 6/24/81,180-40-00,50000,A 
42 Ameca, Jal. FL,R 6/30/81, — ,50000,CP 
43 Antonio Escobedo, Jal. FL,R 7/16/81,140-50-00,50000,CP 
44 Ayutla, Jal. FL,R 7/6/81,140-50-00,50000,CP 
45 Mascota, Jal. FL,R 7/8/81,140-50-00,50000 ,A 
46 Labor Vieja, Jamay, Jal. FL,R 6/17/81,150-60-00,50000,CP 
47 El Fuerte, Ocotlan, Jal. FL,I 6/13/81,135-60-00,50000,CP 
49 Jocotepec, Jal. FL,R 6/6/81, — ,50000,CP 
50 Catarina, Cd. Guzman, Jal. FL,R 6/27/81,180-40-00, — ,A 
51 Cd. Guzman, Jal. FL,R 6/26/81,180-40-00, — ,A 
52 Zapotiltic, Jal. FL,R 7/7/81, — , — ,A 
53 Sn. Isidro Segoche, Oax. FL,I(2) 8/8/81, 90-40-00,50000,A 
54 Jocotepec, Jal. FL,R 80,180-40-00,50000,CP 
55 Cd. Guzman, Jal. FL,R 80,180-40-00,50000,CP 
56 Zapotiltic, Jal. FL,R 80, — ,50000,CP 
57 Labor Vieja, Jamay, Jal. FL.R 80, — ,50000,CP 
58 El Fuerte, Ocotlan, Jal. FL,I 80, — ,50000,CP 
59 Sn. Pedro, Ayutla, Jal. FL,R 7/6/79,140-50-00, — ,CP 
60 Antonio Escobedo, Jal. FL,R 7/4/79,140-50-00, — ,CP 
61 S. Andres, Amatitan, Jal. FL,R 7/10/79,140-50-00, — ,CP 
62 La Mora, Mascota, Jal. FL,R 6/26/79,140-50-00, — ,CP 
63 INIA, Cd. Hidalgo, Mich. FL,RM 3/29/80, — , — ,A 
64 Purisima, Obregon, Mich. FL,I 4/29/80, — , — ,A 
65 INIA, Cd. Hidalgo, Mich. FL,I 4/23/80, — , — ,A 
66 Tejero, Maravatio, Mich. FL,I 3/21/80,180-40-00, — ,A 
67 Palmas, Indaparapeo, Mich. FL,I 4/6/81,180-40-00, — ,A 
68 Tejero, Maravatio, Mich. FL,RM 3/31/81,180-40-00, — ,A 
69 Tziritz., Maravatio, Mich. FL,I 4/13/81,180-40-00, — ,A 
70 Pomas, Maravatio, Mich. FL,RM 3/16/81,180-40-00, — ,A 
71 CAENGUA, Iturvide, Gto. ES,I 3/15/80, — , — ,A 
72 CAENGUA, Iturvide, Gto. ES,I 3/30/80, — , — ,A 
73 CAENGUA, Iturvide, Gto. ES,I 80, — , — ,A 
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Table 2. (Continued) 
Exp. Location Description^ 
74 CAENGUA, Iturvide, Gto. ES,I , 80, —^ , — ,A 
75 CAEMGUA, Iturvide, Gto. ES,I , 3/2/81, — — ,A 
76 CAENGUA, Iturvide, Gto. ES,I , 4/1/81, — — ,A 
77 CAENGUA, Iturvide, Gto. ES,I ,4/30/81, — — ,A 
78 Zapotiltic, Jal. FL,R ,6/28/79,120-40-00, 50000,CP 
79 Gomez Farias, Jal. FL,R ,6/23/79,120-40-00, 50000,CP 
80 C. Caidas, La Barca, Jal. FL,R ,7/26/79,120-40-00, 50000,CP 
81 Ixtlahuacan del Rio, Jal. FL,RM ,4/24/79,120-40-00, — ,A 
82 Acatic, Jal. FL,R ,6/23/79, — — ,A 
83 Tlajomulco, Jal. FL,R ,6/26/79, — — ,A 
84 Cuquio, Jal. FL,R ,6/21/79, — — ,A 
85 Pabellon, Ags. ES,I ,5/17/79, — — ,A 
86 Pabellon, Ags. ES,I , 5/8/80,140-40-00, — ,A 
87 San Jose de Mojarras. Nay. FL,R ,7/19/79,100-40-00, 45000,A 
88 Compostela. Nay. FL,R ,7/21/79,100-40-00, 45000,A 
89 Sauta, Nay. FL,R , 79, — , 45000,A 
90 Calera, Zac. ES,1(5) ,5/16/79,120-60-00, — ,A 
91 Calera, Zac. ES,I , 5/7/80,120-40-00, — ,A 
92 Calera, Zac. ES,I ,5/22/81,120-60-00, — ,A 
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Figure 3. Approximate distribution of the experiments In Bajlo region of Mexico 
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2. Traits measured 
Yield was the main trait considered. Data, however, were obtained 
for other characters of agronomic importance such as days to flowering, 
plant height, and ear height. The two center rows of each plot were 
harvested to obtain an estimate of yield. Harvesting was done in two 
ways: (1) by considering the total number of plants in the two center 
rows (A), and (2) by considering only competitive plants (CP). 
Occasionally, the outside two rows were harvested if the stand in the 
center rows was poor and if the adjacent varieties were of the same 
type for maturity and height. After weighing the harvested ears in the 
field, a sample of 4 to 10 ears was saved to determine grain moisture 
and shelling percentage. Shelling percentage was determined as (grain 
weight/ear weight) x 100. Only dry grain yield (0% of moisture) is 
reported in this study. 
Days to flowering were taken by recording the date in which at least 
50% of the plants in the center two rows were shedding pollen. The data 
for pollen shed were transformed to number of days by considering the 
days from planting date to flowering date. 
Plant height and ear height were measured for 5 or 10 plants in 
the center rows. The height was recorded in' centimeters (cm) from the 
ground surface to the top of the tassel for plant height and to the main 
ear node for ear height. 
Yield was the only common trait measured in the 92 experiments. In 
addition to yield, days to 50% pollen shed, plant height, and ear height, 
other traits were measured but they were not included in my study. 
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3. Statistical analysis 
a. Data matrices Mean yield for each variety across replica­
tions (Appendix B) were used to construct a 23 by 92 data matrix. 
The matrix had the following form: 
"11 ^12 ••• ^Ij ••• ^Ip 
^21 ^22 *•' ^ 2j ^2p 
Yii Y^2 ••• ••• ^ip 
Y .... Y 
vj vp_[ 
where i=l,2, v=23 varieties; and j=l,2, ..., p=92 environments. 
In this Y matrix, vector columns represented environments and rows 
vp 
represented varieties. From the Y matrix, two additional data matrices 
vp 
of the same dimension were generated; a rank yield or matrix, which 
is represented as: 
^11 ^12 
21 
... ... rJ 
^22 ••• ^2j 
• T R • o • • • R » • il x2 1] 
\ l  \2 ••• 
R 
2p 
... R 
vBi 
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and a residual yield or I matrix, which was as follows; 
vp 
^11 ^12 ••• ^Ij ^Ip 
^21 ^22 ••• ^2j ••• ^2p 
lil 1^2 ^ij ••• ^ip 
^vl ^v2 ••• ^vj ••• ^vpi 
For these two matrices, as in Y matrix, the columns represented the 
vp 
environments and the rows represented the varieties. Matrix R was 
vp 
generated by ranking the mean values of each variety within each en­
vironment. The I matrix was obtained using the Y matrix and con-
vp vp 
sidering the model 
Yy - Ï + Vi + a. + I.. , 
where Y.. is the mean value of the variety i in environment j across 
replications; M is the overall mean across environments and varieties; 
v^ is the effect of variety i; e^ is the effect of environment j; and 
is the value of variety i in the environment j after removing the 
variety and environment affects (residual). Also, i = 1,2, ..., v=23, 
and 3=1,2, p=92. Solving for we have the following relation: 
^ij = ^ij - ^^i + 
= Y.j - (p + Y^_ - p + Y_j - M) 
= Yij + Y.. - Yi. - Y.j. 
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b. Analysis of variance Analysis of variance for yield in each 
of the 92 experiments was computed in two ways. First, the experiments 
were analyzed considering the original experimental design under which 
they were planted, a partially balanced 5x5 lattice design with four 
replications. Second, because 23 of the varieties originally evalu­
ated in each experiment were common for all the experiments, an analysis 
of variance of a randomized complete block design was computed for each 
experiment for the 23 common varieties. Combined analyses of variance 
also were performed. Different experiment combinations were formed to 
create groups and combined analyses of variance were performed for each 
group. Two models were used for the combined analyses of variance. 
The first model was 
Ï1J - w + Si + tj + (gt)i. + . 
where Y is the mean value of variety i at environment j; p is the 
ij 
overall mean across varieties and environments; g^ is the effect of 
the ith variety; t^ is the effect of the jth environment; (gt)^^ is the 
interaction effect of the ith variety in the jth environment; and e_ 
is the experimental error. Also, i=l,2, ..., v variety, and j=l,2, 
..., p environment. The expected values of means squares in the 
analysis of variance for this model are given in Table 3. In Table 3, 
V, p, and r are number of varieties, environments, and replications, 
2 
respectively. The is the experimental error, which was estimated 
by pooling error sum of squares of the experiments or environments 
included in the analysis. This model was applied to various experiment 
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Table 3. Expected mean squares for the combined analysis of vari­
ance for first model 
Source of variation dfS Expected mean squares 
Environments (E) (t-1) 2 °e + 
2 
vr Cj. 
Varieties (V) (v-1) a2 
e 
+ rOgt + rp I(g - i^)^/(v-l) 
V X E (v-1)(t-•1) 2 a 
e 
+ 
Pooled error (v-1)(r-•l)t 
^Degrees of freedom. 
combinations or groups of experiments. The groups of experiments (en­
vironments) analyzed under this model included all the environments 
except environment 46 (Table 4); environments within years (1979, 1980, 
and 1981), states (Guanajuato, Jalisco, etc.) and experiment stations 
(Celaya, Gto., Tepatitlan, Jal., etc.); and 10 good and 21 poor environ­
ments. Experiment 46 only had three replications and was not con­
sidered for combined analysis of variance to simplify the calculations 
in the analysis. 
To determine the relative importance of location and year effects 
and their interactions with varieties, the following model was used: 
Yijk = w + gi + ij + y^ + (gi)ij + (ey)ik + (ëiy)ijk + -
where Y , is the mean yield of the ith variety at the jth location in 
ijk 
kth year; p is the overall mean across varieties, locations, and years; 
g^ is the effect of ith variety; 1^ is the effect of jth location; y^ 
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Table 4. Locations and number of experiments within locations for 
combined analysis of variance of 91 experiments conducted 
in Bajio region of Mexico 
Location No. of experiments 
Celaya, Gto. (I) 
Celaya, Gto. (R)^ 
Salamanca, Gto. (I) 
M. Doblado, Gto. (R) 
Penjamo, Gto. (I) 
Penjamo, Gto. (R) 
Yuriria, Gto. (R) 
Acambaro, Gto. (I) 
Silao, Gto. (I) 
Silao, Gto. (R) 
Salvatierra, Gto. 
Mascota, Jal. (R) 
Antonio Escobedo, Jal. (R) 
Magdalena, Jal. (R) 
Ameca, Jal. (R)^ 
Ayutla, Jal. (R) 
Ocotlan, Jal. (I)^ 
Jamay, Jal. (R) 
Jocotepec, Jal. (R) 
Cd. Guzman, Jal. (R)*" 
Zapotiltic, Jal. (R) 
Valle de Poanas, Dgo. (I) 
Durango, Dgo. (I)^ 
Zimatlan, Oax, (R) 
Acatic, Jal. (R) 
Cuquio, Jal. (R) 
Tepatitlan, Jal. (R)^ 
Tlajomulco, Jal. (R) 
Ojo de Agua, Jal. (R) 
Trejos, Jal. (R) 
Reyes Mantecon, Oax. (R) 
San Isidro Segoche, Oax. (I) 
Amatitan, Jal. (R) 
Cd. Hidalgo, Mich. (RM) 
Alvaro Obregon, Mich. (I) 
9 (1,14,15,16,17,36,38,41,42) 
2 (6,25) 
1 (2) 
2 (3,13) 
2 (21,37) 
2 (4,22) 
5 (5,24) 
1 (18) 
2 (19,39) 
1 (23) 
2 (20,40) 
3 (26,46,62) 
3 (27,44,60) 
1 (28) 
1 (43) 
2 (45,59) 
2 (48,58) 
2 (47,57) 
2 (49,54) 
3 (50,51,55) 
3 (52,56,78) 
1 (7) 
3 (8,11,12) 
1 (9) 
2 (30-82^ 
2 
1 
2 
1 
2 
1 
1 
1 
2 
1 
(31,84) 
(32) (33,83) (34) 
(31,81) 
(10) 
(53) 
(61) 
(63,65) 
(64) 
^Location is defined by municipio, state, and planting conditions. 
^R, RM, and I indicate the trials were grown under natural rain­
fall, residual moisture, and irrigation, respectively. 
'"Experiment station. 
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Table 4. (Continued) 
Location^ No. of experiments 
Maravatio, Mich. (R-RM-I)^ 4 (66,68,69,70) 
Indaparapeo, Mich. (I) 1 (67) 
Iturvide, Gto. (I) 7 (71,72,73,74,75,76,77) 
Gomez Farias, Jal. (R) 1 (79) 
La Barca, Jal. (R) 1 (80) 
Pabellon, Ags. (I; 2 (85,86) 
San J. de Mojarras. Nay. (R) 1 (87) 
Compostela, Nay. (R) 1 (88) 
Sauta, Nay. (R) 1 (89) 
Calera, Zac. (I) ^  3 (90, 91, 92) 
Zapopan, Jal. (I) 1 (29) 
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is the effect of the kth year; (gl)_ is the interaction effect of the 
ith variety at the jth location; (gy)^^ Che interaction effect of 
the ith variety in the kth year; (gly)^^^ is the interaction effect of 
the ith variety at the jth location in the kth year; and e... is the 
experimental error. Also, i=l,2, v varieties; j = 1,2, ..., p 
locations, and k=l,2, ..., a years. Locations and years were considered 
random effects and varieties fixed effects. The expected mean squares 
2 for this model are shown in Table 5. The experimental error (a ) was 
e 
Table 5. Expected mean squares for the combined analysis of variance 
for second model 
Source of ..a _ ^ , 
. _. df Expected mean squares 
variation 
2 2 2 
a + rvo . + rva o. 
e yZ a 
2^ 2 ^ 2 
2^ 2 
2 2 2 
a + ra „ + raa „ 
e g&y g2 
2 2 2 
a + ro „ + rpa 
e g&y g y 
2 
^e 
^Degrees of freedom. 
^v, p, a, and r refer to varieties, locations, years, and repli­
cations, respectively. 
Locations (L) (p-1)^ 
Years (Y) (a-1) 
Y X L (a-1)(p-1) 
Varieties (V) (v-1) 
V X L (v-1)(p-1) 
V X Y (v-1)(a-1) 
V X L X Y (v-1)(p-1)(a-1) 
Pooled error (v-1)(r-l)pa 
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estimated by pooling the experiment error sums of squares of the experi­
ments involved in the analysis. The second model was applied to the 
analysis of three groups of experiments. The three groups of experi­
ments were formed as follows: combination of five locations by three 
years (15 experiments); combination of 15 locations by two years (30 
experiments); and combination of 14 locations by two years (28 experi­
ments) . The three groups of experiments are listed in Table 6. 
Table 6. Combinations of experiments used for combined analysis of 
variance under second model 
1979-1980-1981 1979-1980 1980-1981 
Combination Combination Combination 
Celaya, Gto. (I) 
Escobedo, Jal. (R) 
Zapotiltic, Jal. (R) 
Durando, Dgo. (I) 
Calera, Zac. (I) 
Celaya, Gto. (I) 
Excobedo, Jal. (R) 
Zapotiltic, Jal. (R) 
Durango, Dgo. (I) 
Calera, Zac. (I) 
Celaya, Gto. (R) 
M. Doblado, Gto. (R) 
Penjamo, Gto. (R) 
Yuriria. Gto. (R) 
Mascota, Jal. (R) 
Acatic, Jal. (R) 
Cuquio, Jal. (R) 
Tlajomulco, Jal. (R) 
Trejos, Jal. (R) 
Pabellon, Ags. (I) 
Celaya, Gto. (I) 
Escobedo, Jal. (R) 
Zapotiltic, Jal. (R) 
Durango, Dgo. (I) 
Calera, Zac. (I) 
Penjamo, Gto. (I) 
Silao, Gto. (I) 
Salvatierra, Gto. (I) 
Jamay, Jal. (R) 
Ocotlan, Jal. (1) 
Jocotepec, Jal. (R) 
Cd. Guzman, Jal. (R) 
Maravatio, Mich. (I) 
Iturvide, Gto. (I) 
and R indicate the trials that were grown under irrigation and 
natural rainfall, respectively. 
Data in matrix were used to compute the combined analyses of 
variance for both models. 
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c. Classification The environments and varieties were classi­
fied using cluster analysis and principal components analysis. 
It Cluster analysis The three data matrices (Y , R , 
vp vp' 
and 1 ) were used to classify environments by using the cluster 
vp 
analysis technique. Cluster analysis was performed using the correla­
tion coefficient between environments. The correlation coefficient 
measures the linear relationship between enviomments. High correlation 
coefficient estimates between two environments from data matrix Y , for 
vp 
example, indicate that the varieties in these two environments yield 
similarly; therefore, the two environments are related. Low correlations 
indicate poor relationship between two environments. The interpretation 
of correlations is the same when data matrices R and I are used. 
vp vp 
Product-moment correlation coefficients between all possible pairs 
of environments were calculated as 
r^j, = Gov Yij?ij,//(Var Y^^)(Var Y^^,) , 
where i=i,2, ..., v=23 varieties, and j=l,2, ..., p=92 experiments. 
These correlations were calculated from the Y and I _ data matrices. 
vp vp 
Spearman's coefficients of rank correlations between environments were 
calculated from the R data matrix as follows: 
vp 
R^j, = 1 - [6 2djj,/n(n-l)(n+l)] , 
where j^j', j=l,2, ..., p=92 environments, and d is the difference be­
tween rank values of varieties tested at two environments- After 
calculating the correlations, correlation coefficient matrices were 
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created to cluster the environments. The correlation matrices were of 
the order of 92 by 92 as follows: 
"11 ri2 ... ... r^p 
^21 ^22 • " ^2j *•• ^2p 
^il ^iZ ^ij 
Jpi ^2 ••• Si • 
^ip 
. r 
PPi 
where i=j, and j=l,2, ..., p=92 environments. This type of matrix was 
generated for the ^vp' Ivp data matrices. The method used to 
cluster environments from the correlation matrices was the average 
linkage method (Johnson and Wichem, 1982). This method considers the 
distance, the correlation coefficients in this case, between clusters 
as the average distance between all pairs of items (environments), each 
member belonging to each cluster. Dendrograms, or tree diagrams, that 
show the relation among environments were obtained. The same procedure 
of classification was followed to cluster varieties using the residual 
I data matrix. 
vp 
2) Principal components analysis The primary objectives 
of principal component analysis are data reduction and simplification 
in the interpretation of data. In cluster analysis, the environments 
were characterized by using the performance of the 23 varieties. The 
number of varieties required to characterize the environments, however. 
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could be reduced without significant loss of information. The inter­
pretation of the relationship can be reduced or simplified from a 23-
dimension to a few dimensions (one or two principal components). 
Hopefully, most of the variation in the data can be represented by a 
few dimensions. The principal components analysis uses the variance-
covariance matrix information. The number of principal components is 
equal to the number of original variables (23 varieties) in the data. 
Each principal component accounts for a certain proportion of the total 
variation in the data. Principal component analysis was performed 
using the Y and I data matrices. The information in the first and ® vp vp 
in the first two principal components was examined regarding environment 
relationship. The principal component analysis also was executed in 
the same way to analyze variety relationships. 
d. Stability analysis The response of the 23 varieties across 
the 91 environments was analyzed by the joint regression analysis. This 
joint regression analysis is an extension of the combined analysis of 
variance to determine if there is a difference in the response of 
varieties when tested under different environmental conditions in a 
given region. The stability analysis used was the model presented by 
Eberhart and Russell (1966)- The model for the stability analysis 
developed by Eberhart and Russell (1966) was 
^ij ^^i "*• ^i^j '^ij ' 
where is variety mean of the ith variety at the jth environment; 
is the mean of the ith variety over all environments; 3^ is the 
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regression coefficient, which measures the response of the i variety 
to varying enviomments; 6^^ is the deviations from regression of the 
ith variety at the jth environment; and I. is the environmental index, 
obtained as the mean of all the varieties at the jth environment minus 
the general mean (overall mean). is a measure of the response of 
a variety for the environments, whereas is a measure of the stabil­
ity of each variety. The stability analysis of variance is shown in 
Table 7. The sums of squares for environments and interaction of 
Table 7. Form of the analysis of variance for the Eberhart and 
Russell (1956) stability analysis 
Source of .,a „ ^ df Sum of squares 
variation 
Total nv-1 H Y?. -C.F. 
ij 
Varieties (V) v-1 (Jy. /n)-C.F. 
Ï 2* 2 
Experiments (E) + V x E v(n-l) 11^•• ~ • /n 
9 
1 E (linear) 
1 J : j J 
V x E (linear) v-1 I[(^Y..1.)^/Il^] - E(1)S.S. 
i j2^^ ^ i ^ 
Pooled deviations v(n-2) 5.. 
ÏJ 
Variety 1 n-2 [lYy-Y^yn]-(lY^^ 
Variety v n-2 [Ty^.-Y^ /n]-(YY j V] V. L vj j L j 
Pooled error n(r-l)(v-1) 
^Degrees of freedom. 
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varieties by environments are combined. This combined sum of squares 
is partitioned into environment (linear), which is the sum of squares 
for environments in this model; variety x environment (linear), which 
is the sum of squares for heterogeneity of regression; and pooled 
deviations from regression. 
Other environmental indexes can be used for this model. For my 
study, two more environmental indexes were used: rank values of all 
variety means in each environment; and the mean value of three adapted 
varieties in the region (H-309, H-230, and H-220). 
The stability analysis using the three environmental indexes was 
calculated for 91 environments: 1979 environments, 1980 environments, 
1981 environments, 10 good environments, and 21 poor environments. 
e. Stability parameters Stability parameters are specific 
values that characterize each variety regarding its stability of per­
formance for a series of enviomments. From the Eberhart and Russell 
(1966) stability analysis (Table 7), four parameters can be derived: 
(1) mean, Y. = l Y../p; 
J V /V 2 (2) regression coefficient, b. = 2, Y.-l./z,!.; 
j J j J 
(3) coefficient of determination. 
and 
(4) deviations from regression, S^^^ S_/p-2, 
where I S = [J Y - Y /p] - (^YD^/^lf, and I=(lY /v)-(IlY /vp). 
ij 1. j J j 3 i ij 3 
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The program, MACRO STABANAL, developed by 0. S. Smith and K. R. Lamkey 
in the Department of Agronomy, Iowa State University, was used to com­
pute the four stability parameters. 
Seven other stability parameters were calculated for each variety. 
The variance across environments was calculated as : 
(5^)1 = ll Y-j - (I Y. j2/p]/p-l . 
The range across environments was calculated as : 
(R»). = Max Y.. - Min Y.. . 
Y 1 IJ XJ 
The variance of residuals across environments was calculated as : 
(Si)i = I ^ij/P-i • 
The range of the residuals across environments was calculated as: 
(R^)^ = Max I_ - Min . 
The average square distance to the origin (Euclidean distance to the 
origin) was calculated as : 
Cl'i ' IiJj/P . 
The 'ecovalence' values, suggested by Wricke (1962), were calculated as: 
<Vi- • 
The 'stability variance', suggested by Shukla (1972), was calculated 
as : 
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(sv ) = [v(v-i) I i; - yy i; ]/(p-i)(v-i)(v-2) , 
j J ij j 
where p and v are Che number of environments and varieties, respective­
ly-
The Y.. values come from the Y data matrix and I,, values from ij vp ij 
the I data matrix. The eleven stability parameters for each variety 
vp 
were calculated for 91 experiments, for each year (1979, 1980, and 
1981), and for the restricted environment groups (10 good environments 
and 21 poor environments). 
f. Correlations Product-moment correlation coefficients wore 
calculated to determine the level of association between different 
parameters calculated across environments and across varieties. 
Spearman's correlation coefficients were calculated when rank values 
were considered. The formulas for calculations of these coefficients 
were presented previously in this section. 
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IV. RESULTS AND DISCUSSION 
A. Analysis of Variance 
1. Individual analysis of variance 
The overall mean across experiments or across varieties was 3622 
kilograms per hectare (3622 kg ha ) and the yield among the experiments 
-1 
varied from 221 to 8015 kg ha . This range in yields reflects the 
extreme environmental conditions under which the experiments were con­
ducted. The experiment yields had a normal distribution, so that the 
extreme experiment yields were not normally expected. 
The average of the coefficient of variation (CV) was 23.3%. Be­
cause most of the experiments were conducted on farmers' land and the 
cultivations were provided by cooperative farmers, the CVs were not un­
realistic. It is important to take in consideration that the distribu­
tion of the CV values was not normal because most of them (75%) were 
less than 26%. Under this distribution, the mean CV of 23.3% does not 
reflect an expected value in normal experimental conditions. 
The uneven husbandry practices of the experimental plots are com­
monly one of the important sources of experimental error, but probably, 
the main source of experimental error, as reflected by high CV values, 
was the interaction between soil heterogeneity and moisture. Experi­
ments conducted at experiment stations with good experimental technique, 
but under low levels of rainfall, had very high CV values (larger than 
50%). It was found that an inverse relationship (r=-0.66) occurred be­
tween the CVs and experiment means; i.e., higher yielding experiments 
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tended to have lower CV values and conversely (Figure 4). This rela­
tionship, however, can be reduced considerably if the highest CV values 
(larger than 50%) are ignored (Figure 4). 
A partially balanced lattice design was used in most of the experi­
ments, and they were 20% more efficient than the randomized complete 
block design. The distribution of the relative efficiency values, 
however, was not normal. The normality test indicated 75% of the rela­
tive efficiency values were between 0 and 24%. For this particular ab­
normal distribution, most of the relative efficiency values were less 
than 20%. The relative efficiency of the lattice design to the random­
ized complete block design was not associated with either the yield 
level (r=-0.01) or with the CV (r=0.04) of the experiments. Therefore, 
the lattice design was a good experimental design to control experimental 
error in both high- and low-yielding conditions. 
Error mean squares and experiment means were related (r=0.70). 
-1 
Experiments with means below the grand mean (3622 kg ha ) tended to be 
associated with lower error mean squares, but this was not the case for 
experiments with means above the grand mean (Figure 5). For experiments 
that had means above the grand mean, random plot-to-plot variation was 
observed (Figure 5), but for poor yielding experiments plot-to-plot 
variation was not random; a linear dependence was established between 
plot-to-plot variation and experiment mean. The linear dependence be­
tween the experiment error and mean was more evident for the very poor 
environmental conditions. Probably, the heterogeneity among varieties 
was one of the causes of this relationship. When this phenomenon was 
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mean and the coefficient of variation (CV) for 92 experi­
ments conducted in Bajio region of Mexico 
46 
1500 
1250 
1000 
M 
'o 
^ 750 
X 
(A 
ai 
500 
250 
01 I 
0 2000 4000 6000 8000 10,000 
Yield of experiments (kg ha 
• one observation 
• two observations * * 
— A three observations 
Figure 5. Joint distribution showing the relation between experiment 
mean yields and error mean squares (EMS) for 92 experiments 
conducted in Bajio region of Mexico 
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present, a transformation of the original data was recommended by Hinz 
and Eagles (1976). The transformation establishes the independence be­
tween mean and error mean square, which are assumed to be independent 
by definition. A similar graph was presented by Hinz and Eagles (1976) 
for oat (Avena sativa L.) experiments in Iowa. 
2. Combined analysis of variance 
There were significant differences for the variety, environment, 
and variety x environment interaction sources of variation in the com­
bined analyses of variance for the experiments conducted for years and 
locations, and for the experiments within each year (Table 8). Variety 
X environment interaction in the three groups also was significant when 
conservative degrees of freedom were used for the F-test instead of the 
degrees of freedom in Table 8. First, the statistical significance 
for variety indicates the varieties differed in their ability to yield. 
Late varieties had the highest yields and very early varieties the low­
est yields. Late varieties took advantage of good environments, and 
this advantage was not overcome for the other types of varieties al­
though they may have yielded better in the poorer environments. Second, 
the statistical significance for environments reflects the wide environ­
mental conditions under which the experiments were conducted. The 
gradient of environmental conditions, judged by the experiment means, 
ranged from 221 to 8015 kg ha Statistical significance of variety x 
environment interaction suggests the varieties either performed differ­
ently when evaluated under multiple environmental conditions or varieties 
Table 8. Combined analysis of variance for all experiments (years and locations) and for 
experiments included in each year 
All 1979 1980 1981 
Source of experiments experiments experiments experiments 
variation Mean ^ Mean Mean Mean 
squares squares squares squares 
501.4** 
2735.4** 
21.9** 
5.9 
Mean yield, 
kg ha-1 3579 2645 3984 3853 
CV, % 21 25 20 20 
^Degrees of freedom. 
b -5 Mean squares were multiplied by 10 
**Significant at the 0.01 level of probability. 
Varieties (V) 22 1451.7** 22 117.0** 22 1057,8** 22 
Environments (E) 90 3175.3** 24 2676.6** 39 3212,2** 25 
V X E 1980 30.5** 528 25.8** 858 34.6** 550 
Pooled error 6006 5.7 1650 4.2 2640 6.4 1716 
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response across environments was different. Differences in the rankings 
of the varieties within the environments are the common explanation 
for genotype x environment interactions, but even if the rankings remain 
unchanged, the unequal differences in performance of the varieties 
from environment-to-environment would contribute to the variety x en­
vironment interaction. The variety x environment interaction was due 
to the wide variation among the varieties tested and the environments 
included for testing. Later maturity varieties generally were superior 
at good environments and earlier maturity varieties were superior in 
poor environments. This relation, also observed by breeders in Bajio, 
has been taken into consideration for developing and recommending 
varieties. The general objectives of the breeding program have been 
the development of late, intermediate, and early maturity materials, 
for good, intermediate, and poor environmental conditions, respectively. 
The interactions of variety with years and locations and the year x 
location interactions were significant for all the combinations of 
experiments with years and locations in common except in one instance 
(Table 9). The only nonsignificant interaction was variety x year 
interaction in the group that combined experiments of three years and 
five locations. Also, there was nonsignificant difference among years 
in the same group, which also may explain the nonsignificant variety x 
year interaction (Table 9). 1979 was an abnormal year for maize pro­
duction in Bajio. The nonsignificance among years in this group could 
be due to the small number of locations included and because three of 
them were irrigated. The variety x state, variety x experiment station. 
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Table 9. Combined analysis of variance for experiments from combina­
tions of years and locations 
Combinations of years and locations 
Source of 1979-1980-1981 1979-1980 1980-1981 
variation ^^a Mean Mean Mean 
squares squares squares 
Years (Y) 2 1197.9 1 3101. 3* 1 4344. 9** 
Locations (L) 4 5723.7* 14 5930. 6** 13 2881. 1** 
Varieties (V) 22 2420.4** 22 327. 9** 22 921. 9** 
V X Y 44 18.1 22 39. 6** 22 77. 5** 
V X L 88 35.3** 308 37. 5** 286 39. 5** 
V X L X Y 176 17.5** 308 13. 9** 286 17. ,6** 
Pooled error 990 6.2 1980 5. 4 1848 7. ,4 
Mean yield. 
kg ha~l 4438 3295 4635 
CV, % 18 22 19 
^Degrees of freedom. 
^Mean squares were multiplied by 10. 
*,**Significant at 0.05 and 0.01 levels of probability, respec­
tively. 
variety x within states (Guanajuato, Jalisco, Dgo-Zac-Ags, Oaxaca, and 
Nayarit), variety x within experiment station [Celaya, Gto. (I), Celaya, 
Gto. (R), Iturvide, Gto. (I), Maravatio, Mich., Tepatitlan, Jal. (R), 
Ocotlan, Jal. (I), Ocotlan Jal. (R), Ameca, Jal. (R), and Cd. Guzman, 
Jal. (R)] interactions were significant (Tables A1 to A5). 
The results presented in Tables 8 and 9 indicate that the variety x 
environment interaction and its three interaction components (variety x 
year, variety x location, and variety x year x location) were important 
in evaluating the varieties in Bajio. The relative importance of the 
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three interactions, as judged by their components of variance, indi­
cated the variety x location and variety x location x year interactions 
were more important than variety x year interaction. The relative mag­
nitudes of the variety x location and variety x location x year were 
similar for the 1979-1980 and 1980-1981 combinations. In the 1979-1980-
1981 combination, the variety x location x year interaction was larger 
than the variety x location interaction. 
Other studies (Miller et al., 1959; Liang et al., 1966; Barker et al., 
1981) reported similar results: genotype x year was of less importance 
than the other two interactions. Miller et al. (1959) analyzed data 
from North Carolina, and found the second-order interaction (variety x 
location x year) more important than variety x location interaction. 
Liang et al. (1966) and Barker et al. (1981) used data from Kansas and 
from North Central Region (Minnesota, Iowa, Wisconsin, North Dakota, 
Missouri and South Dakota), respectively. Liang et al. (1966) reported 
greater variance component estimates for second-order interactions than 
for variety x location interactions. Barker et al. (1981) found sta­
tistical significance for both second-order and variety x location 
interactions, but the variance component estimates for variety x loca­
tion contributed more to the variance of a genotypic mean than the vari­
ance component estimates for the second-order interactions. From the 
results obtained in my study and from the results in other studies, the 
second-order interaction was important, but the variety x location inter­
action became of greater importance as the regions or areas under study 
were more complex due to geographic, climatic, and soil factors. 
52 
The genotype x environment interactions, especially genotype x 
location and genotype x location x year, have an important role in the 
development and recommendation of varieties. The combined analysis of 
variance has been a valuable statistical tool used to judge the im­
portance of the interactions. Breeding strategies and operations of 
programs have been adopted by analyzing results in the combined analysis 
of variance. When variety x location has been important, a subdivision 
of the region has been suggested. The subdivision of the region into 
smaller areas has reduced considerably the variety x location inter­
action within subregions, but it did not reduce the variety x location 
X year interaction in the same proportion (Ghaderi et al., 1980). If 
variety x location x year was significant, testing at multiple locations 
for several years has been recommended. The strategy of subdividing 
regions for breeding and evaluation purposes has not been strictly 
adopted because limited funds have prevented small breeding programs 
from expanding their testing, and because some genetic materials have 
had the ability to perform well under varied environmental conditions. 
Another strategy to overcome the problem of genotype x environment 
would be to develop varieties with wide adaptation. This approach, how­
ever, would be less appropriate, especially in an applied breeding pro­
gram with short- or medium-term goals. It seems an intermediate 
strategy of developing materials adapted to subregions would be a good 
choice. 
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B. Classification 
1. Cluster analysis 
The environments were classified using numerical taxonomy to 
identify natural clusters of environments. Table 10 includes the 
clusters and the environments within clusters that were defined using 
rank data, the Spearman correlation coefficient measure, and the group­
ing algorithm average linkage method. The cluster analysis was arbi­
trarily stopped at the correlation coefficient of 0.5. At this level, 
14 clusters with different number of environments were defined. 
Clusters 3 and 4, with 36 and 16 environments, respectively, were the 
largest in the analysis. In cluster 3, the tendency was to group the 
environments included in 1980 and 1981. In cluster 4, the most common 
environments were those under irrigation in 1980. Cluster 6, with 10 
environments, included the environments of Jalisco (Jal.). The 
general tendency of the other clusters was to group environments within 
years. It seems that environments in the same year tend to be more 
alike than environments in the same state. 
Cluster analysis was performed using residual data (I^) , the 
distance product-moment correlation coefficient, and the grouping 
algorithm average linkage method. The results are presented in Table 
11 for r=0.5, the arbitrary criterion to stop the tree diagram. At 
this level (r=0.5), 26 clusters were formed, and the number of environ­
ments in each cluster varied from 1 to 28. The number of clusters was 
larger than in previous cluster analysis using rank data because the 
residual data used the exact quantity of change of the varieties from 
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Table 10. Clusters of environments using rank data. Spearman corre­
lation coefficient, and average linkage method 
Cluster* Environment 
No. Designation 
1 1 CAEB, Celaya, Gto. (791) 
3 Cerritos, M. Doblado, Gto. (79R) 
2 Salamanca, Gto. (791) 
2 9 El Trapiche, Zimatlan, Oax. (79R) 
12 CAEVAG, Durango, Dgo. (811) 
3 11 CAEVAG, Durango, Dgo. (801) 
14 CAEB, Celaya, Gto. (SOI) 
57 La Labor Vieja, Jamay, Jal. (80R) 
60 Antonio Escobedo, Jal. (79R) 
51 Ciudad Guzman, Jal. (81R) 
54 Jocotepec, Jal. (80R) 
16 CAEB, Celaya, Gto. (801) 
19 Silao, Gto. (801) 
33 Tlajomulco, Jal. (80R) 
36 CAEB, Celaya, Gto. (811) 
39 Silao, Gto. (811) 
42 CAEB, Celaya, Gto. (811) 
88 Compostela, Nay. (79R) 
91 Calera, Zac. (801) 
64 La Purisima, A. Obregon, Mich. (801) 
67 Las Palmas, Indaparapeo, Mich. (801) 
70 romas, Karavatio, Mich. (SIRM) 
73 CAENGUA, Iturvide, Gto. (801) 
76 CAENGUA, Iturvide, Gto. (811) 
79 Gomez Farias, Jal. (79R) 
27 Antonio Escobedo, Jal. (80R) 
30 Acatic, Jal. (80R) 
29 Zapopan, Jal. (80R) 
32 CAEAJAL, Tepatitlan, Jal. (80R) 
28 San Simon, Magdalena, Jal. (80R) 
31 Cuquio, Jal. (80R) 
34 Ojo de Agua, Jal. (80R) 
37 Buenavista, Penjamo, Gto. (801) 
40 Maravatio del E., Gto. (811) 
43 Ameca, Jal. (81R) 
35 Trejos, Jal. (80R) 
38 CAEB, Celaya, Gto. (811) 
*The arbitrary criterion for each cluster was r=0.5. 
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Table 10. (Continued) 
a Environment 
Cluster 
No. Designation 
Al CAES, Celaya, Gto. (811) 
44 Antonio Escobedo, Jal. (81R) 
89 Sauta, Nay. (79R) 
92 Calera, Zac. (791) 
15 CAEB, Celaya, Gto. (801) 
18 Chamacuaro, Acambaro, Gto. (801) 
17 CAEB, Celaya, Gto. (801) 
20 S. Pedro, Salvatierra, Gto. (801) 
21 Buenavista, Penjamo, Gto. (801) 
24 San Miguel, Yuriria, Gto. (80R) 
63 INIA, Cd. Hidalgo, Mich. (80KM) 
66 El Tejero, Maravatio, Mich. (801) 
69 Tziritzi., Maravatio, Mich. (801) 
72 CAENGUA, Iturvide, Gto. (801) 
75 CAENGUA, Iturvide, Gto. (811) 
78 Zapotiltic, Jal. (79R) 
71 CAENGUA, Iturvide, Gto. (801) 
74 CAENGUA, Iturvide, Gto. (801) 
77 CAENGUA, Iturvide, Gto. (81R) 
80 Casas Caidas, La Barca, Jal. (79R) 
45 Ayutla, Jal. (81R) 
48 El Fuerte, Ocotlan, Jal. (811) 
46 Mascota, Jal. (81R) 
49 Jocotepec, Jal. (81R) 
47 La Labor Vieja, Ocotlan, Jal. (81R) 
50 La Catarina, Cd. Guzman, Jal. (81R) 
52 Zapotiltic, Jal. (81R) 
55 Ciudad Guzman, Jal. (80R) 
58 El Fuerte, Ocotlan, Jal. (801) 
61 San Andres, Amatitan, Jal. (79R) 
81 Ixtlahuacan del Rio, Jal. (79RM) 
84 Cuquio, Jal. (79R) 
65 INIA, Cd. Hidalgo, Mich. (801) 
6S El Tejero, Maravatio, Mich. (81RM) 
4 Buenavista, Penjamo, Gto. (79R) 
7 Valle de Poanas, Dgo. (791) 
10 CAEVAX, Reyes Mantecon, Oax. (80R) 
56 
Table 10. (Continued) 
a Environment Cluster 
No. Designation 
8 13 Cerritos, M. Doblado, Gto. (80R) 
5 San Miguel, Yuriria, Gto. (79R) 
8 CAEVAG, Durango, Dgo. (791) 
6 CAEB, Celaya, Gto. (79R) 
9 22 Buenosaires, Penjamo, Gto. (80R) 
25 CAEB, Celaya, Gto. (BOR) 
83 Tlajomulco, Jal. (79R) 
86 Pabellon, Ags. (801) 
10 82 Acatic, Jal. (79R) 
85 Pabellon, Ags. (791) 
11 23 Col. Nvo. Mex., Silao, Gto. (80R) 
26 La Mora, Mascota, Jal. (80R) 
12 87 San Jose de Mojarras, Nay. (79R) 
90 Calera, Zac. (791) 
12 53 San Isidro Segoche, Oax. (811) 
56 Zapotiltic, Jal. (80R) 
13 59 San Pedro, Ayutla, Jal. (79R) 
62 La Mora, Mascota, Jal. (79R) 
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Table 11. Clusters of environments from cluster analysis using 
residual data, correlation coefficient, and average link­
age method 
a Environment 
Cluster — 
No. Designation 
1 CAEB, Celaya, Gto. (791) 
48 El Fuerte, Ocotlan, Jal. (811) 
40 Maravatio del E., Gto. (811) 
14 CAEB, Celaya, Gto. (801) 
19 Silao, Gto. (801) 
15 CAEB, Celaya, Gto. (801) 
58 El Fuerte, Ocotlan, Jal. (801) 
67 Las Palmas, Indaparapeo, Mich. (811) 
39 Silao, Gto- (811) 
35 Trejos, Jal. (80R) 
81 Ixtlahuacan del Rio, Jal. (79RM) 
62 La Mora, Mascota, Jal. (79R) 
64 La Purisima, A. Obregon, Mich. (801) 
11 CAEVAG, Durango, Dgo. (801) 
57 Labor Vieja, Jamay, Jal. (80R) 
26 La Mora, Mascota, Jal. (80R) 
29 Zapopan, Jal. (80R) 
54 Jocotepec, Jal. (80R) 
27 Antonio Escobedo, Jal. (80R) 
28 San Simon, Magdalena, Jal. (80R) 
88 Compostela, Nay. (79R) 
89 Sauta, Nay. (79R) 
2 Salamanca, Gto. (791) 
20 San Pedro, Salvatierra, Gto. (801) 
30 Acatic, Jal. (80R) 
33 Tlajomulco, Jal. (80R) 
34 Ojo de Agua, Jal. (80R) 
16 CAEB, Celaya, Gto. (801) 
21 Buenavista, Penjamo, Gto. (801) 
72 CAENGUA, Iturvide, Gto. (801) 
66 El Tejero, Maravatio, Mich. (801) 
42 CAEB, Celaya, Gto. (811) 
69 Tziritzic., Maravatio, Mich. (811) 
^The arbitrary criterion for each cluster was r=0.5. 
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Table 11. (Continued) 
Environment 
Cluster^ No. Designation 
7 37 Buenavista, Penjamo, Gto. (811) 
8 36 
70 
76 
CAEB, Celaya, Gto. (811) 
Pomas, Maravatio, Mich. (81EM) 
CAENGUA, Iturvide, Gto. (811) 
9 46 MasCOta, Jal. (81R) 
10 75 CAENGUA, Iturvide, Gto. (811) 
11 38 
47 
CAEB, Celaya, Gto. (811) 
Labor Vieja, Jamay, Jal. (81R) 
12 68 El Tejero, Maravatio, Mich. (81RM) 
13 41 
50 
CAEB, Celaya, Gto. (811) 
La Catarina, Cd. Guzman, Jal. (81R) 
14 71 
86 
CAENGUA, Iturvide, Gto. (801) 
Pabellon, Ags. (801) 
15 51 Cd. Guzman, Jal. (81R) 
16 78 Zapotiltic, Jal. (79R) 
17 85 Pabellon, Ags. (791) 
18 52 
56 
Zapotiltic, Jal. (81R) 
Zapotiltic, Jal. (80R) 
19 55 Cd. Guzman, Jal. (80R) 
20 3 
5 
23 
79 
80 
22 
6 
24 
25 
10 
Cerritos, M. Doblado, Gto. (79R) 
San Miguel, Yuriria, Gto. (79R) 
Col. Nvo. Mex., Silao, Gto. (80R) 
Gomez Farias, Jal. (79R) 
Casas Caidas, La Barca, Jal. (79R) 
Buenosaires, Penjamo, Gto. (80R) 
CAEB, Celaya, Gto. (79R) 
San Miguel, Yiriria, Gto. (80R) 
CAEB, Celaya, Gto. (80R) 
CAEVCAX, Reyes Mantecon, Oax. (80R) 
59 
Table 11. (Continued) 
Environment 
Cluster^ No. Designation 
20 59 San Pedro, Ayutla, Jal. (79R) 
84 Cuquio, Jal. (79R) 
8 CAEVAG, Durango, Dgo. (791) 
44 Antonio Escobedo, Jal. (81R) 
53 San Isidro Segoche, Oax. (801) 
87 San Jose de Mojarras, Nay. (79R) 
83 Tlajomulco, Jal. (79R) 
4 Buenavista, Penjamo, Gto. (79R) 
65 INIA, Cd. Hidalgo, Mich. (801) 
7 Valle de Poanas, Dgo. (791) 
13 Cerritos, M. Doblado, Gto. (80R) 
9 CAEVAG, Durango, Dgo. (791) 
43 Ameca, Jal. (81R) 
77 CAENGUA, Iturvide, Gto. (811) 
82 Acatic, Jal. (79R) 
45 Ayutla, Jal. (81R) 
61 San Andres, Amatitan, Jal. (79R) 
60 Antonio Escobedo, Jal. (79R) 
21 90 Calera, Zac. (791) 
91 Calera, Zac. (801) 
22 31 Cuquio, Jal. (80R) 
23 17 CAES, Celaya, Gto. (801) 
32 CAEAJAL, Tepatitlan, Jal. (SOR) 
18 Chamacuaro, Acambaro, Gto. (801) 
74 CAENGUA, Iturvide, Gto. (801) 
24 73 CAENGUA, Iturvide, Gto. (801) 
25 49 Jocotepec, Jal. (81R) 
92 Calera, Zac. (811) 
63 INIA, Cd. Hidalgo, Mich. (80RM) 
26 12 CAEVAG, Durango, Dgo. (801) 
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environment-to-environment, but not the relative positions as in the 
rank data. Cluster 1 was a 13-environinent group formed mainly by 
environments under irrigation, but the environments were not necessari­
ly highest yielding. Cluster 20 was the largest in the analysis, and 
it included 28 environments. In cluster 20, there were 16 environ­
ments of 1979, which was the poorest of the three years for maize pro­
duction. Cluster 20 was lower in yield compared with cluster 1, but 
all the environments were not low in yield. The other clusters with 
seven or fewer environments were defined basically by years and (or) 
geographic location. Combined analyses of variance for 10 environments 
in cluster 1 and for 21 environments in cluster 20 (Table A6) indicated 
statistical significance for variety x environment interaction. The 
grouping of similar environments at r=0.5 did not necessarily eliminate 
the variety x environment interaction within clusters. The environment 
effects influenced the formation of clusters (high-yield environments 
tended to be related to each other, and the same tendency was observed 
for low-yield environments) even though the use of residual data and 
correlation coefficients was intended to reduce the environment in­
fluence in the classification of environments (Gomez-Montiel and 
Cervantes-Santana, 1981; Fox and Rosielle, 1982a). 
The environments within locations were combined by planting condi­
tion of the experiments; i.e., rainfall (R) or irrigation (I) conditions 
to generate 46 locations (Table 4). The 46 locations were classified 
by cluster analysis using mean data, the correlation coefficient, and 
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the average linkage method (Table 12). Cluster analysis defined nine 
clusters when the tree diagram was stopped at r=0.5. Cluster 1 with 
29 locations was the largest in the analysis. The other clusters had 
seven locations (cluster 4) or fewer. Most of the experiment stations 
in the region were included in cluster 1; they were located at Celeya, 
Gto., Pabellon, Ags., Maravatio, Mich., Ocotlan, Jal., and Durango, 
Dgo- Cluster 4 included an experiment station at Tepatitlan, Jal.; 
cluster 5 included one at Calera, Zac. and one at Reyes Mantecon, Oax.; 
and cluster 8 included one at Ameca, Jal. There were two kinds of 
experiment stations; experiment stations with their own land and experi­
ment stations without their own land. The two kinds of experiment 
stations are indicated in Table 12. The two Celaya locations were 
close in the same cluster. They were expected to be more different 
because the moisture conditions were very different. The possible 
explanations for this unexpected relation are that both 'locations' had 
the same site, that soil and climate types were similar, and that most 
of the germplasm in the varieties tested has been growing in Celaya for 
the past 20 years. 
The tree diagrams stopped at r = 0.5 of the cluster analyses pre­
sented in Tables 10, 11, and 12 are presented in Figures 6, 7, and 8, 
respectively. 
The number of clusters formed at r=0.5 depended on the type of 
data used in the analyses. The number of clusters was larger for 
residual data and smaller for mean location data. The tree diagram in 
Figure 7 showed three main branches: one branch included clusters 1 
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Table 12. Clusters of locations using mean data, correlation coeffi­
cient, and the average linkage method 
Cluster^ Location Cluster Location 
1 Celaya, Gto. (I)^ 
Salvatierra, Gto. (I) 
Silao, Gto. (I) 
Celaya, Gto. (R)^ 
Acatic, Jal. (R) 
Ojo de Agua, Jal. (R) 
Pabellon, Ags. (I)^ 
Cd. Guzman, Jal. (R)^ 
Penjamo, Gto. (I) 
Maravatio, Mich. (I)^ 
Iturvide, Gto. (I) 
Maravatio, Mich. (R) 
Ocotlan, Jal. (I)c 
Indaparapeo, Mich. (I) 
Mascota, Jal. (R) 
Zapopan, Jal. (R) 
Jamay, Jal. (R) 
Alvaro Obregon, Mich. (I) 
Trejos, Jal. (R) 
Zapotiltic, Jal. (R) 
Durango, Dgo. (!)& 
Antonio Escobedo, Jal. (R) 
Tlajomulco, Jal. (R) 
Jocotepec, Jal. (R) 
Salamanca, Gto. (I) 
Compostela, Nay. (R) 
Sauta, Nay. (R) 
Magdalena, Jal. (R) 
2 Zimatlan, Oax. (R) 
3 Amatitan, Jal. (R) 
4 Acambaro, Gto. (I) 
Tepatitlan, Jal. (R)^ 
Cuquio, Jal. (R) 
Valle de Poanas, Dgo. (I) 
M. Doblado, Gto. (R) 
Penjamo, Gto. (R) 
Cd. Hidalgo, Mich. (I) 
5 Calera, Zac. (I)^ 
Reyes Mantecon, Oax. (R) 
6 Yuriria, Gto. (R) 
Silao, Gto, (R) 
La Barca, Jal. (R) 
Gomez Farias, Jal. (R) 
7 San Isidro Segoche, Oax. (I) 
Ayutla, Jal. (R) 
8 Ameca, Jal. (R)^ 
9 San Jose de Mojarras. Nay. (R) 
^he criterion to stop the tree diagram was arbitrary: r=0.5. 
^Experiment station with own land. 
'^Experiment station without own land. 
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0.5 0.4 G. 3 0 . 2  0 .1  G. G •0.1 -0.2 -0.3 
Figure 6. Tree diagram stopped at r=0.5 from cluster analysis of 
environments using rank data, Spearman correlation coeffi­
cient, and the average linkage method (Table 10). The 
clusters at r=0.5 and the number of environments within 
clusters are indicated 
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0.5 0.4 0.3 0 . 2  0.1  0 . 0  - 0 . 1  -0.2 •0.3 
Figure 7. Tree diagram stopped at r=0.5 from cluster analysis of en­
vironments using residual data, correlation coefficient, and 
the average linkage method (Table 11). The clusters at r=0.5 
and the number of environments within clusters are indicated 
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Figure 8. Tree diagram at r=0.5 from cluster analysis of locations using 
mean data, correlation coefficient, and the average linkage 
method. The clusters at r=0.5 and the number of environments 
are indicated 
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to 7; a second branch included clusters 8 to 19; and the third branch 
included clusters 20 to 26. In general, branches 1, 2, and 3 represented 
high, medium, and poor yield conditions, respectively. Branches 1 and 
2 were not associated (r=0.02), and they were opposite to branch 3 
(r=-0.29). Experiments conducted at the experiment stations located 
at Celaya, Gto., Ocotlan, Jal. Durango, Dgo. Iturvide, Gto., and 
Maravatio, Mich, were included in branch 1. Experiments conducted at 
the experiment station located at Celaya, Gto., Maravatio, Mich., 
Iturvide, Gto., Cd. Guzman, Jal., and Pabellon, Ags. were included in 
branch 2. All the experiment stations were represented by environments 
in branch 3. Two main branches were defined in Figure 6; branch 1 in­
cluded clusters 1 to 7, and branch 2 included clusters 8 to 14. 
Climatic factors (e.g., precipitation and temperature) and soil 
factors (e.g., texture, slope, and depth) and their side effects on pest 
populations affected the performance of varieties. These factors were 
important to define the environments, and all of them have been con­
sidered to be noncontrollable or random. Other controllable factors 
were important to define similarity between environments. Some factors 
were controlled such as planting density and fertilization, but most of 
them were not (for example, planting date, cultivations, weed control, 
fertilizer application, number of waterings, and soil preparation). The 
main effects of these factors and the interaction effects among them 
influenced the similarity between environments. These effects were con­
founded among the experiments. The cluster analyses generally showed 
moisture availability was one of the important factors to define 
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environmental differences. The environments tended to be similar within 
years regardless of the closeness between experiment sites. The 
association between environments by their geographic locations, how­
ever, was not evident. 
The varieties were classified by cluster analysis using residual 
data, correlation coefficient, and the average linkage method (Figure 
9). Two main branches, or clusters, were distinguished in the tree 
diagram; one branch included eight varieties, and the other branch in­
cluded 15 varieties. The eight-variety branch included the early and 
very early varieties, except H-133. Variety H-133 was joined at 
r=.02, which indicated it was not related to the other varieties in the 
group. H-133 included germplasm of 'Chalqueno' (50%), 'Celaya' (25%), 
and 'Tuxpeno* (25%), while the other varieties included primarily germ-
plasm of 'Bolita'. VS-201 was derived from Cafime, and were related 
at r=0.9. VS-201 yielded more than Cafime, had less percentage of bad 
ears, and was slightly later and taller than Cafime (Table 13). VS-202 
and H-204 were related (r=0.92), because they included 'Conico Norteno' 
from drier areas. Hybrids H-220, H-221, and H-222 were associated 
(r=0.9) because they are half-sib hybrids; i.e., they have the same 
single cross as one parent. 
The 15-variety branch had three clusters: the first cluster in­
cluded H-309 and H-230; the second cluster included V-370, Celaya II, 
EH, VS-373, H-359, H-366, A-793, and H-352; and the third cluster in­
cluded H-507, B-666, B-670, P-515, and B-15. The joint strength 
(r-joint values) among the varieties was weaker than in the other 
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Figure 9. Tree diagram from cluster analysis of varieties using 
residual data, correlation coefficient, and the average 
linkage method 
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Table 13. Means of yield and other characteristics for the 23 varie­
ties evaluated in Bajio, Mexico 
Yield Ears Bad Shed­ Silk- Plant Ear 
Variety (k£_ 
ha 
per 
plantc 
(No.) 
earsb 
(%) 
ding^ 
(No. 
days) 
inga 
(No. 
days) 
height 
(cm) 
heigh 
(cm) 
VS-201 2877 0.92 10 63 67 198 84 
VS-202 2188 0.93 29 59 63 183 76 
H-309 3992 0.91 6 78 82 249 126 
V-370 3863 0.87 13 82 85 261 140 
H-204 2442 0.93 25 58 62 186 78 
H-507 3097 0.84 9 92 93 258 147 
H-222 3142 0.92 20 64 68 211 91 
P-515 2915 0.84 27 80 83 208 93 
H-230 3976 0.92 6 76 80 247 122 
H-133 3841 0.90 16 82 85 259 140 
Cafime 2767 0.91 13 62 66 193 85 
H-220 3672 0.94 8 70 74 227 105 
H-221 3423 0.92 17 65 69 217 95 
B-666 3933 0.88 8 89 92 250 126 
B-15 3422 0.83 15 83 87 241 119 
EH 4375 0.92 10 88 92 266 152 
H-369 4421 0.89 8 88 91 260 144 
B-670 3550 0.99 9 91 94 249 127 
Celaya II 3819 0.89 15 80 84 265 137 
VS-373 4089 0.88 10 86 88 255 135 
H-352 4067 0.93 10 82 85 252 129 
H-366 3957 0.90 7 88 92 273 155 
A-793 4488 0.99 7 86 89 268 139 
dumber of days from planting to 50% pollen shed or silk expres­
sion. 
^Bad ears included mainly rotted ears, but in some experiments 
seed set was considered also. 
^atio, number of ears/number of plants. 
branch. For example, half-sib hybrids, H-309 and H-230, and EH and 
H-369, were related at r=0.42, and r=0.7, respectively. The joint 
weakness in this branch also was evident in the association of varieties 
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derived from common germplasm; e.g. , V-370 and Celaya II; VS-373, EH, 
H-369, and H-366; and B-666 and B-670. The three clusters of varieties 
in this second branch were defined mainly by the types of germplasm in 
each cluster. The first cluster involved 'Celaya' germplasm combined 
with other types of germplasm. The second cluster was formed by 
varieties related to the 'Celaya' race and (or) adapted to the Celaya 
area. The third cluster included tropical germplasm in which 'Tuxpeno' 
was the predominant type of germplasm. 
Hybrid H-369, derived from a population with 'Celaya' (50%) and 
'Tuxpeno' (50%) germplasm, showed potential for yield in the whole 
region (Table 13), even though it was developed mainly using environ­
ments of Guanajuato (file reports in Bajio). Hybrid H-507 included 
typical 'Tuxpeno' germplasm and was associated with B-666 and B-670 at 
r=0.5 and with P-515 and B-15 at r=0.18. The general potential of these 
varieties for yield was not as good in the region (Table 13) and were 
sensitive to stalk rot (Fusarium moniliforme Sheld) and head smut 
[(Sphacelotheca reiliana (Kuhn) Clint)]. Tropical germplasm, however, 
exhibited potential for ear healthiness (Table 13) and lodging character­
istics. In general, the larger clusters were determined by maturity, 
smaller clusters by type of germplasm, and the smallest clusters by kin­
ship. 
2. Principal components analysis 
Principal components analysis was done using residual and mean data. 
The results for mean data are shown in Table 14 for the first 10 
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Table 14. First 10 principal components for the 92 environments using 
mean data 
Principal 
component 
Eigenvalue Variance 
Proportion Cumulative 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
83608777 
3583614 
2286993 
1207180 
830285 
740745 
463382 
374142 
315710 
264679 
0.8777 
0.0376 
0.0240 
0.0127 
0.0087 
0.0078 
0.0049 
0.0039 
0.0033 
0.0028 
0.8777 
0.9153 
0.9394 
0.9520 
0.9608 
0.9685 
0.9734 
0.9773 
0.9806 
0.9834 
principal components, which explained nearly all of the variation 
(98.34%) among environments (total variance = 95255394). The first 
principal component accounted for 87.77% of the total variation in the 
data, so that the interrelationship among environments could be analyzed 
on a single dimension without a significant loss of information. The 
first principal component contrasted environments by their general ef­
fect on the varieties; that is, environments with large effects on the 
variety yields were separated from environments with small effects on 
the variety yields. Small distances between environments indicated a 
close relationship between them and the opposite for large distances. 
In Table 15, the smallest values from poor environments and the largest 
values from good environments were located at the extremes, indicating 
contrasting environmental conditions. The rank order of the distance 
values nearly coincided with the rank order of the experiment mean. 
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Table 15. Distances among environments given by the first principal 
components using mean data 
Distance Environment 
Rank^ No. Designation 
-16327 1 87 San Jose de Mojarras, Nay. (79R) 
-16202 2 6 CAEB, Celaya, Gto. (79R) 
-15874 3 25 CAES, Celaya, Gto. (80R) 
-15549 4 24 San Miguel, Yuriria, Gto. (80R) 
-15012 5 23 Col, Nvo. Mex., Silao, Gto. (80R) 
-14284 6 3 Cerritos, M. Doblado, Gto. (79R) 
-13485 8 5 San Miguel, Yuriria, Gto. (79R) 
-13157 7 70 Pomas, Maravatio, Mich. (81RM) 
-12640 9 7 Valle de Poanas, Dgo. (791) 
-11953 10 10 CAEVAX, Reyes Mantecon, Oax. (80R) 
-11725 11 13 Cerritos, M. Doblado, Gto. (80R) 
-11559 12 79 Gomez Farias, Jal. (79R) 
-11318 13 4 Buenavista, Penjamo, Gto. (79R) 
-10868 14 77 CAENGUA, Iturvide, Gto. (811) 
-10309 15 22 Salamnca, Gto. (791) 
-9509 18 53 San Isidro Segoche, Oax. (811) 
-9449 17 9 El Trapiche, Zimatlan, Oax. (79R) 
-9288 20 80 Casas Caidas, La Barca, Jal. (79R) 
-9173 16 75 CAENGUA, Iturvide, Gto. (811) 
-9060 21 65 INIA, Cd. Hidalgo, Mich. (801) 
-8578 23 44 Antonio Escobedo, Jal. (81R) 
-8513 22 63 INIA, Cd. Hidalgo, Mich. (80RM) 
-7914 19 89 Sauta, Nay. (79R) 
-7635 26 8 CAEVAG, Durango, Dgo. (791) 
-7589 24 76 CAENGUA, Iturvide, Gto. (811) 
-7556 27 84 Cuquio, Jal. (79R) 
-7167 25 69 Tziritzicuaro, Maravatio, Mich. (811) 
-6320 20 59 San Pedro, Ayutla, Jal. (79R) 
-6106 28 18 Chamacuaro, Acambaro, Gto. (801) 
-4626 30 82 Acatic, Jal. (79R) 
-3616 31 37 Buenavista, Penjamo, Gto. (811) 
-3650 33 61 San Andres Amatitan, Jal. (79R) 
-3235 32 88 Compostela, Nay. (79R) 
-1942 36 60 Antonio Escobedo, Jal. (79R) 
-1814 34 74 CAENGUA, Iturvide, Gto. (801) 
-1566 35 52 Zapotiltic, Jal. (81R) 
-836 38 56 Zapotiltic, Jal. (80R) 
-585 37 46 Mascota, Jal. (81R) 
-507 41 83 Tlajomulco, Jal. (79R) 
^The number one was given to the lowest yielding environment, and 
the number 92 to the highest yielding environment. 
-303 
-223 
6 
57 
262 
319 
557 
588 
678 
751 
901 
1158 
1175 
1359 
1544 
1678 
2223 
2308 
2636 
2944 
3238 
3818 
3866 
3989 
4908 
5003 
5164 
5423 
5557 
5565 
5656 
6094 
6361 
6406 
7334 
8332 
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(Continued) 
Environment 
Rank No. Designation 
39 51 Cd. Guzman, Jal. (81R) 
43 45 Ayutla, Jal. (81R) 
47 32 CAEAJAL, Tepatitlan, Jal. (80R) 
44 31 Cuquio, Jal. (80R) 
45 78 Zapotiltic, Jal. (79R) 
46 71 CAENGUA, Iturvide, Gto. (801) 
53 43 Ameca, Jal. (81R) 
42 21 Buenavista, Penjamo, Gto. (801) 
49 86 Pabellon, Ags. (801) 
40 81 Ixtlahuacan del Rio, Jal. (79RM) 
48 28 San Simon, Magdalena, Jal. (80R) 
50 26 La Mora, Mascota, Jal. (80R) 
52 68 El Tejero, Maravatio, Mich. (81RM) 
51 50 La Catarina, Cd. Guzman, Jal. (811) 
54 42 CAEB, Celaya, Gto. (811) 
55 17 CAEB, Celaya, Gto. (801) 
58 12 CAEVAG, Durango, Dgo. (811) 
56 72 CAENGUA, Iturvide, Gto. (801) 
57 54 Jocotepee, Jal. (80R) 
59 85 Pabellon, Ags. (791) 
61 55 Cd. Guzman, Jal. (80R) 
60 62 La Mora, Mascota, Jal. (79R) 
66 90 Calera, Zac. (791) 
62 64 Purisima, Obregon, Mich. (801) 
64 57 Labor Vieja, Jamay, Jal. (80R) 
65 29 Zapopan, Jal. (80R) 
63 39 Silao, Gto. (811) 
68 11 CAEVAG, Durango, Dgo. (801) 
70 73 CAENGUA, Iturvide, Gto. (801) 
71 49 Jocotepec, Jal. (81R) 
67 30 Acatic, Jal. (80R) 
69 33 Tlajomulco, Jal. (80R) 
73 34 Ojo de Agua, Jal. (80R) 
72 27 Antonion Escobedo, Jal. (80R) 
74 36 CAEB, Celaya, Gto. (811) 
77 91 Calera, Zac. (801) 
75 66 El Tejero, Maravatio, Mich. (801) 
78 92 Calera, Zac. (811) 
76 35 Trejos, Jal. (80R) 
79 40 Maravatio del E., Gto. (811) 
80 48 El Fuerte, Ocotlan, Jal. (811) 
81 2 Salamanca, Gto. (791) 
Table 
Distal 
11359 
11484 
12367 
13405 
15429 
15510 
16015 
16655 
17672 
19221 
21176 
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(Continued) 
Environment 
Rank No. Designation 
83 41 CAEB, Celaya, Gto. (811) 
84 47 Labor Vieja, Jamay, Jal. (81R) 
82 20 San Pedro, Salvatierra, Gto. (801) 
85 67 Palmas, IndapArapeo, Mich. (811) 
86 16 CAEB, Celaya, Gto. (801) 
89 38 CAEB, Celaya, Gto. (811) 
88 14 CAEB, Celaya, Gto. (801) 
87 19 Silao, Gto. (801) 
90 1 CAEB, Celaya, Gto. (791) 
91 58 El Fuerte, Ocotlan, Jal. (801) 
92 15 CAEB, Celaya, Gto. (801) 
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The relationship among environments could be done by comparing the 
experiment rank or mean values of the environments. 
The principal components were linear combinations of the mean values 
of the 23 varieties. The coefficients for the first two principal com­
ponents and the correlations between them are presented in Table 16. 
High correlation values between a principal component and a variety 
indicated the values of that particular variety could be used to repre­
sent the values of the principal component, which were functions of the 
23 varieties, to detect similarity among environments. The highest cor­
relations between the first principal component and the varieties were 
for the late and intermediate varieties. With the exception of H-230 
and H-220, the early varieties exhibited relatively low correlations. 
All the correlations for the first principal component generally were 
high. H-309 and H-230 had the highest correlations. 
The second principal component explained about 4% of the variation 
among environments. This principal component contrasted environments 
with good yields for early varieties from environments with good yields 
for late varieties. The correlations between the second principal com­
ponent and the varieties were smaller than the correlations between the 
first principal component and the varieties. The highest correlations 
were for H-204 and VS-202, which were the earliest varieties. 
The two principal components accounted for 91.53% of the variation 
(Table 14). The dispersion diagram of the 92 environments using the 
first two principal components is presented in Figure 10. After dis­
carding five undefined environments (environments 19, 35, 89, 91, and 
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Table 16. First two principal components for environments using mean 
data and 23 varieties as the variables 
^ First principal component Second principal component 
Coefficient r^ Coefficient r^ 
VS-201 0.1330 0.8735 0.2853 0.3879 
VS-202 0.1009 0.8017 0.2922 0.4806 
H-309 0.2259 0.9751 0.1545 0.1381 
V-370 0.2370 0.9298 0.0026 0.0022 
H-204 0.0997 0.7848 0.3102 0.5057 
H-507 0.2077 0.9313 -0.2807 -0.2306 
H-222 0.1445 0.8865 0.3196 0.4060 
P-515 0.1694 0.8064 -0.0504 -0.0497 
H-230 0.2167 0.9696 0.1132 0.1049 
H-133 0.2029 0.8912 0.1704 0.1550 
Cafime 0.1260 0.8579 0.2889 0.4073 
H-220 0.1703 0.9217 0.2814 0.3149 
H-221 0.1592 0.9073 0.3026 0.3570 
B—666 0.2551 0.9597 -0.9597 -0.1120 
B-15 0.2164 0.9269 -0.0574 -0.0509 
EH 0.2754 0.9674 -0.1909 -0.1388 
H-369 0.2685 0.9631 -0.1375 -0.1021 
B-670 0.2315 0.9316 -0.2705 -0.2253 
Celaya II 0.2216 0.9636 0.0091 0.0083 
VS-373 0.2465 0.9684 -0.1861 -0.1514 
H-352 0.2243 0.9561 0.0418 0.0369 
H-366 0.2417 0.9677 -0.1948 -0.1615 
A-793 0.2681 0.9367 -0.0821 -0.0594 
^Correlation coefficient between first principal component and 
the corresponding variety. 
^Correlation coefficient between second principal component and 
the corresponding variety. 
92), three groups of environments can be identified. One of the groups, 
located at the top of the scatter diagram in Figure 10, included 13 
environments of which seven were also in cluster 1 in Table 11. An­
other 26-environment group, located at the bottom of Figure 10, included 
22 of the environments included in cluster 20 (Table 11). The third 
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Figure 10. Distribution of 92 environments using mean data and the 
first two principal components 
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group had 47 environments that included environments between the other 
two previous groups. The dispersion diagram of the environments, using 
first two principal components, permitted the identification of three 
groups of environments, which were similar to the three branches defined 
by cluster analysis based on residual data (Figure 6). 
Principal components analysis for environments also was performed 
from residual data. The first two principal components based on residual 
data explained less variation (63%) than the first two principal com­
ponents from the mean data. The first and second principal component 
explained, respectively, 48 and 15% of the variation in the data. The 
92 environments were more closely related in the dispersion diagram 
using the first two principal components. 
Principal component analysis was applied for entries using mean and 
residual data. The first two principal components explained 75 and 63% 
of the variation for mean and residual data, respectively. The princi­
pal components explained the same percentage of variation for both 
classifications of environments and entries when residual data were used. 
This was because, in both instances, the marginal means in the data 
matrices were zeros due to the removal of environment and entry effect. 
The varieties were plotted for mean (Figure 11) and residual (Figure 
12) data using the first two principal components. The dispersion of 
the varieties in the graphs were similar, and the groups of varieties 
defined were similar to the groups of varieties defined by cluster 
analysis with residual data (Figure 9). Varieties with similar kinship, 
germplasm, and maturity tended to be closer when residual data were used. 
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two principal components 
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Five groups of varieties were defined in Figure 12. The five groups 
formed were: (1) early and very early varieties that included 'Bolita' 
and 'Conico Norteno' germplasms (H-220, H-221, H-222, VS-201, Cafime, 
VS-202, and H-204); (2) varieties that included 'Celaya' germplasm 
(V-370, Celaya II, H-352, H-230, and H-309), and H-133; (3) varieties 
that included 'Celaya'-'Tuxpeno' germplasm (EH, H-369, VS-373, and 
H-366) and A-793; (4) varieties of tropical germplasm (H-507, B-666, 
B-666, B-670, and B-15); and (5) P-515. The variety P-515 was dis­
tinct from the other varieties (Figure 12). P-515 was a variety 
developed and recommended for low transition areas between Bajio and 
warmer conditions. The separation and definition of groups in the 
graphs (Figures 11 and 12) were clearer when residual data were used, 
but the variation explained by the two principal components was less 
than when the mean data were used. 
Principal component analysis was computed for varieties using the 
means across environments within locations, and the means across en­
vironments within the domain of each experiment station. The first two 
principal components explained 79 and 89% of the variation for locations 
and experiment stations, respectively. Principal component analysis 
was calculated for residual data, and the first two principal components 
accounted for 72 and 79% of the variation in the data for locations and 
experiment stations, respectively. The groups of varieties from mean 
data formed by graphing the varieties with the first two principal com­
ponents information were similar to those groups of varieties defined 
in Figures 11 and 12. The first principal component accounted for 65 
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and 77% of the variation in the data for location and experiment sta­
tion means, respectively. 
The correlation coefficients between the first principal component 
and the corresponding location or experiment station mean were calcu­
lated for mean data. The first principal component contrasted varie­
ties mainly by their yields. Therefore, those varieties that had high 
positive correlations indicated the corresponding location or experi­
ment station could be used to contrast variety yields in the same manner 
as the first principal component. The locations that had correlations 
greater than 0.90 were: Celaya, Gto. (I) (0.97); Silao, Gto. (I) 
(0.94); Salvatierra, Gto. (I) (0.96); Ocotlan, Jal. (I) (0.91); Jamay, 
Jal. (R) (0.90); Ojo de Agua, Jal. (R) (0.91); and Indaparapeo, Mich. 
(I) (0.91). The experiment stations with correlations larger than 0.90 
were: Celaya, Gto. (I) (0.96); Tepatitlan, Jal. (R) (0.93); Ocotlan, 
Jal. (I) (0.93); and Cd. Guzman, Jal. (R) (0.93). The environments 
within each of these experiment stations and locations contrasted the 
varieties by their yields in the same manner that they were contrasted 
using information from all of the Bajio region. The correlations for 
some locations were negative. The locations that had larger negative 
correlations were: Celaya, Gto. (R) (-0.52); Yuriria, Gto. (R) (-0.51); 
Silao, Gto. (R) (-0.63); Gomez Farias, Jal. (R) (-0.47); and La Barca, 
Jal. (R) (-0.57). Locations with negative correlations would contrast 
varieties in an inverse order compared to the way the first principal 
component contrasted the varieties. The high yielding varieties in 
these locations would be the early varieties and the low yielding 
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varieties would be the intermediate and late varieties. 
The frequency a variety was ranked from 1st to 23rd was determined 
using the rank data matrix, R . The frequencies were accumulated for 
vp 
each variety for each ranking order (1 to 23)• The cumulative frequency 
curves on ranking order (1 to 23) were plotted for seven varieties in 
Figure 13. A-793 and H-369, the two top varieties for yield in the 
region, were ranked higher more frequently compared with intermediate 
(H-309 and V-370), early (H-220), and very early (VS-201 and H-204) 
varieties. In general, the highest yielding varieties were ranked 
higher despite the extreme environmental conditions. 
C. Correlations nad Covariances Between Environments 
The correlation coefficients between each environment and the 
marginal means across all the environments were calculated. The results 
are presented in Table 17. There were 80 positive and 12 negative cor­
relations of which 69 and three were significantly positive and nega­
tive, respectively. Most of the environments represented the environ­
mental conditions normally experienced in the region. Selection of the 
best entries would be effective at any of the environments that had 
significant correlations. 
To identify environments for testing and for selection purposes, 
the covariance values between environment interactions also have to be 
considered. The covariances for the 92 environments are presented in 
Table 18. Environments with large values for both parameters (correla­
tion and covariance) would represent the best environments for testing 
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varieties tested in Bajio region of Mexico 
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Table 17. Correlation coefficients between each environment and the 
marginal mean across the 92 environments 
Env^ rt Env r Env r Env r 
1 0.785** 24 0.423* 47 0.782** 70 0.680** 
2 0.760** 25 0.082 48 0.800** 71 0.752** 
3 -0.312 26 0.634** 49 0.744*8 72 0.823** 
4 0.114 27 0.747** 50 0.872** 73 0.816** 
5 -0.525** 28 0.704** 51 0.873** 74 0.518** 
6 -0.600** 29 0.790** 52 0.682** 75 0.751** 
7 0.066 30 0.955** 53 -0.154 76 0.706** 
8 0.659** 31 0.633** 54 0.748** 77 0.753** 
9 0.474* 32 0.485* 55 0.830** 78 0.797** 
10 0.121 33 0.806** 56 0.383 79 -0.296 
11 0.826** 34 0.934** 57 0.767** 80 -0.413 
12 0.615** 35 0.782** 58 0.824** 81 0.841** 
13 0.591** 36 0.726** 59 -0.244 82 0.597** 
14 0.887** 37 0.721** 60 0.628** 83 0.344 
15 0.878** 38 0.819** 61 0.517** 84 0.074 
16 0.888** 39 0.864** 62 0.757** 85 0.828** 
17 0.611** 40 0.860** 63 0.370 86 0.865** 
18 0.645** 41 0.878** 64 0.846** 87 -0.282 
19 0.862** 42 0.780** 65 -0.034 88 0.652** 
20 0.930** 43 -0.024 66 0.828** 89 0.429* 
21 0.806** 44 0.109 67 0.851** 90 0.291 
22 -0.316 45 0.220 68 0.654** 91 0.579** 
23 -0.488* 46 0.596** 69 0.812** 92 0.585** 
^Environment. 
^Product-moment correlation coefficient. 
*,**Significant at 0.05 and 0.01 levels of probability, respec­
tively. 
and for selection. Environments 2, 14, 15, 16, 19, 20, 35, and 67 had 
the highest covariance values (larger than 50) and also significant 
correlations. These environments would represent the optimum environ­
mental conditions for selection and testing within the region. The 
general characteristics of the optimum environments were experiments 
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under irrigation (but not with too many waterings), conducted either on 
experiment stations or on farmers' land with good care, and coefficients 
of variation less than 20%. 
Table 18. Covariance values between each environment interaction and 
the marginal mean across the 92 environments 
Env^ Cov^ Env Gov Env Gov Env Gov 
1 33.57 24 -34.15 47 17.57 70 -12.49 
2 56.67 25 -38.76 48 23.82 71 0.01 
3 -49.04 26 4.75 49 -5.92 72 15.04 
4 -35.66 27 15.67 50 19.37 73 -0.02 
5 -61.19 28 13.72 51 -0.35 74 3.61 
6 -50.75 29 21.72 52 -7.53 75 -10.59 
7 -38.18 30 36.38 53 -43.24 76 -5.69 
8 -26.65 31 -10.69 54 11.57 77 -21.54 
9 -27.45 32 -10.26 55 6.14 78 -7.25 
10 -37.52 33 30.70 56 -21.24 79 -48.79 
11 13.09 34 23.40 57 23.20 80 -57.72 
12 -0.11 35 52.61 58 43.66 81 28.62 
13 -22.78 36 -7.90 59 -48.34 82 -20.02 
14 62.68 37 12.36 60 -17.66 83 -28.21 
15 63.13 38 26.41 61 -23.60 84 -37.51 
16 59.74 39 46.83 62 26.68 85 7.76 
17 9.22 40 24.78 63 -16.68 86 10.78 
18 -14.50 41 18.47 64 36.81 87 -43.44 
19 95.99 42 15.39 65 -41.65 88 -3.14 
20 82.99 43 -40.75 66 38.66 89 -0.09 
21 32.45 44 -38.20 67 67.71 90 -27.37 
22 -52.81 45 -32.49 68 12.51 91 -6.11 
23 -56.81 46 -1.21 69 13.47 92 -8.37 
^Environment. 
b -4 Covariance multiplied by 10 
Correlations and covariances were calculated between the environ­
ment means within locations (Table 19), clusters (Table 20), within 
years, states, and experiment stations (Table 21), and the marginal 
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Table 19. Correlations (r) between locations and the marginal means 
across environments, and the covariances between location 
interactions and the marginal means across environments 
. No. of 
Location 
environments r Cov^ 
1. Celaya, Gto. (1) 9 0.980** 31.19 
2. Celaya, Gto. (R) 2 -0.362 -44.76 
3. Salamanca, Gto. (I) 1 0.760** 56.67 
4. M. Doblado, Gto. (R) 2 0.159 -35.91 
5. Penjamo, Gto. (I) 2 0.831** 22.40 
6. Penjamo, Gto. (R) 2 0.695** -1.61 
7. Yuriria, Gto. (R) 2 -0.339 -47.67 
8. Acambaro, Gto. (I) 1 0.645** -14.50 
9. Silao, Gto. (I) 2 0.890** 71,41 
10. Silao, Gto. (R) 1 —0.488* -56,81 
11. Salvatierra, Gto. (I) 2 0-956** 53,88 
12. MasCOta, Jal. (R) 3 0.783** 10.07 
13. Antonio Escobedo, Jal. (R) 3 0.835** -13.40 
14. Magdalena, Jal. 1 0.704** 13.72 
15. Ameca, Jal. (R) 1 -0.024 -40.75 
16. Ayutla, Jal. (R) 2 -0.022 -40.42 
17. Ocotlan, Jal. (I) 2 0.840** 33.74 
18. Jamay, Jal. (R) 2 0.859** 20.39 
19. Jocotepec, Jal. (R) 2 0.872** 2.83 
20. Cd. Guzman, Jal. (R) 3 0.928** 8.39 
21. Zapotiltic, Jal. (R) 3 0.722** -12.01 
22. Valle de Poanas, Dgo. (I) 1 0.066 -38.18 
23. Durango, Dgo. (I) 3 0.843** -4.56 
24. Zimatlan, Oax. (R) 1 0.474* -27.45 
25. Acatic, Jal. (R) 2 0.929** 8.18 
26. Cuquio, Jal. (R) 2 0.497* -24.10 
27. Tepatitlan, Jal. (R) 1 0.485* -10.26 
28. Tlajomulco, Jal. (R) 2 0.798** 1.25 
29. Ojo de Agua, Jal. (R) 1 0.934** 23.40 
30. Trejos, Jal. (R) 2 0.895 8.97 
31. Reyes Mantecon, Oax. (R) 1 0.121 -37.52 
32. San Isidro Segoche, Oax. (1) 1 -0.154 -43.24 
33. Amatitan, Jal. (R) 1 0.517** -23.60 
34. Cd. Hidalgo, Mich. (RM) 2 0.202 -29.17 
35. A. Obregon, Mich. (I) 1 0.846** 36.81 
36. Maravatio, Mich. 4 0.887** 13.04 
37. Indaparapeo, Mich. (I) 1 0,851** 67.71 
^Covariance multiplied by 10~^, 
*,**Significant at the 0.05 and 0.01 levels of probability, respec­
tively. 
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Table 19- (Continued) 
Location No. of 
environments r Cov^ 
38. San Jose Iturvide, Gto. (I) 7 0.868** -3.77 
39. Gomez Farias, Jal. (R) 1 -0.296 -48.79 
40. La Barca, Jal. (il) 1 -0.413 -57.72 
41. Pabellon, Ags. (I) 2 0.897** 9.27 
42. San José de Mojarras, Nay. (R) 1 -0.282 -43.44 
43. Compstela, Nay. (R) 1 0.652** -3.14 
44. Sauta, Nay. (R) 1 0.429* -0.09 
45. Calera, Zac. (I) 3 0.577** -13.95 
46. Zapopan, Jal. (R) 1 0.790** 21.72 
89 
Table 20. Correlations (r) between clusters and the marginal means 
across environments, and the covariances between cluster 
interactions and the marginal means across environments 
g Covariance 
Cluster Environments r -,„-4 
X 10 
1 13 0.908** 46.68 
2 7 0.822** 14.82 
3 2 0.533** -1.61 
4 5 0.942** 46.03 
5 4 0.880** 36.47 
6 2 0.831** 14.43 
7 1 0.066 -38.18 
8 3 0.767** -8.69 
9 1 0.596** -1.21 
10 1 0.751** -10.59 
11 2 0.836** 21.99 
12 1 0.654** 12.51 
13 2 0.903** 18.92 
14 2 0.838** 5.39 
15 1 0.878** 63.13 
16 1 0.797** -7.25 
17 1 0.828** 7.76 
18 2 0.595** -14.38 
19 1 0.830** 6.14 
20 28 0.088 -38.39 
21 2 0.485* -16.74 
22 1 0.633** -10.69 
23 4 0.608** -4.79 
24 1 0.816** -0.02 
25 3 0.619** -10.32 
26 1 0.615** -1.11 
PCl^ 31 0.484* -30.54 
PC2 43 0.995** 5.56 
PC3 13 0.970** 44.71 
PC4 5 0.912** 26.80 
^The environments within clusters were presented in Table 11. 
^The environments in these clusters were defined by inspection of 
the distribution of environments using the first two principal com­
ponents in Figure 10. 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 21. Correlations (r) between groups of environments and the 
marginal means across environments, and the covariances 
between group environment interactions and the marginal 
means across environments 
Environments 
r 
-4 Covariance x10 
Group No. 
1. 1979 25 0.922** -19.95 
2. 1980 40 0.989** 10.91 
3. 1981 27 0.962** 2.31 
4. Guanaj uato 33 0.961** 5.75 
5. Jalisco 36 0.955** -1.62 
6. Dgo.-Zac.-Ags 9 0.869** -8.35 
7. Michoacan 8 0.914** 12.29 
8. Oaxaca 3 0.219 -36.07 
9. Nayarit 3 0.499* -15.56 
10. Celaya, Gto. (I) 16 0.975** 35.10 
11. Celaya, Gto. (R) 10 0.223 -34.53 
12. Iturvide, Gto. (I) 7 0.868** -3.77 
13. Tepatitlan, Jal. (R) 10 0.968** 6.51 
14. Ocotlan, Jal. (I) 2 0.840** 33.74 
15. Ocotlan, Jal. (R) 7 0.839** -15.49 
16. Ameca, Jal. (R) 11 0.841** -6.49 
17. Cd. Guzman, Jal. (R) 6 0.878** -1.81 
18. Maravatio, Mich. 8 0.914** 12.29 
19. Dgo.-Zac.-Ags. (I) 9 0.869** -8.35 
20. Santiago, Nay. (R) 3 0.499* -15.56 
21. Oaxaca, Oax. (R) 3 0.219 -36.07 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
means across the 92 environments. The locations with high correlations 
and covariances were: Celaya, Gto. (I), Salamanca, Gto. (I), Silao, 
Gto. (I), Salvatierra, Gto. (I), Cd. Guzman, Jal. (R), Acatic, Jal. 
(R), Ojo de Agua, Jal. (R), and Indaparapeo, Mich. (I). Clusters 1 
and 4 had high correlations and covariances. Clusters PC3 and PC4, 
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which were formed by grouping environments in Figure 10, had high cor­
relations and covariances. The correlations were high for the three 
years, but 1979 had a negative covariance. The highest correlation 
and covariance among the three years were for 1980. Guanajuato (Gto.) 
and Michoacan (Mich.) had high correlations and positive covariances; 
the state mean of the environments included within these states repre­
sented the mean across the 92 environments. The experiment stations 
with high correlations and positive covariances were Celaya, Gto. (I), 
Tepatitlan, Jal. (R), Ocotlan, Jal. (I), and Maravatio, Mich. The 
mean of the environments included in the domain of these experiment 
stations represented the variety marginal means across the 92 environ­
ments. The conditions in Guanajuato (Gto.) and Michoacan (Mich.) 
represented ideal environments for breeding purposes. However, the 
experiment stations in Jalisco (Jal.), Tepatitlan (R) and Ocotlan and 
the locations Cd. Guzman (R) , Acatic (R) , and Ojo de Agua (R) suggested 
they were ideal environments for breeding and testing within the region. 
It should be emphasized that the only trait used to determine the 
relationships between environments and groups of environments was yield. 
Yield, a character under the control of many genes each with small 
effects, depended on physical and biological factors and their inter­
actions. The yield variation of the varieties among environments 
depended on physical and biological factors that were present in each 
environment. Because the yields of the 23 varieties were assumed to 
reflect the overall environmental variation, the similarity among 
environments was given by the degree of relationship of the yields of 
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the varieties among environments. Among the biological factors, pests 
were the most important. The prevalence and distribution of the 
important diseases and insects of maize in the region should be identi­
fied and considered for properly partitioning the region into smaller 
areas for practical breeding purposes. 
D. Stability Analysis 
1. Stability analysis of variance 
a. ^ maturity groups The results of the analysis of variance 
for stability by maturity groups are presented in Table 22. There were 
significant differences among maturity groups and within maturity groups. 
The interactions of maturity groups and within maturities with environ­
ments (linear) were significant at the 0.01 level of probability except 
for within very early x environment interaction. The nonsignificance 
of very early maturity variety x environment interaction and the sig­
nificance with environment (linear) indicate the very early maturity 
varieties responded in a similar manner among environments, but the 
slopes of the linear responses were different. 
Most of the variation in variety x environment and variety x en­
vironment (linear) interactions were due to the differences in maturity 
of the varieties. The varieties that contributed most to the interac­
tions were the intermediate and late maturity varieties. Late and 
medium maturity varieties were more sensitive to environmental changes 
than early and very early maturity varieties. If the environmental 
conditions were good (adequate moisture and fertilizer, good care, and 
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Table 22. Stability analysis by maturity groups of maize varieties 
included in 91 experiments conducted in Bajio, Mexico 
Source of variation df^ Mean squares x 10 ^  
Environments (E) 90 3175.33** 
Varieties (V) 22 1451.73** 
Among maturities 3 6485.68** 
Within very early 3 358.43** 
Within early 3 459.52** 
Within medium 5 641.79** 
Within late 8 852.26** 
V X E 1980 30.47** 
Among maturities x E 270 111.10** 
Within very early x E 270 5.33 
Within early x E 270 9.86** 
Within medium x E 450 25.52** 
Within late x E 720 20.47** 
E + V X E 2070 167.20** 
E (Linear) [E(L)] 1 285779.69 
V X E(L) 22 813.17** 
Among maturities x E(L) 3 5181.10** 
Within very early x E(L) 3 59.72** 
Within early x E(L) 3 181.67** 
Within medium x E(L) 5 164.26** 
Within late x E(L) 8 158.67** 
Pooled deviations 2047 20.73** 
Pooled error 6006 5.66 
^Degrees of freedom. 
^^Significant at the 0.01 level of probability. 
good soil), the late and intermediate maturity varieties had very good 
yields, but if the environmental conditions were poor, their yields 
were very poor. 
b. By groups of environments Stability analysis of variance 
was performed on three different environmental indexes: the mean all 
varieties, environment ranks, and the mean of three adapted varieties. 
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The groups of environments, considered were 91-environment group, three 
groups with environments in each year, and two groups with environments 
in cluster 1 (good environments) and cluster 20 (poor environments) 
from Table 11. The stability analyses of variance are presented in 
Tables 23 to 28 for the corresponding groups of environments. Variety x 
environment (linear) was significant for all environment indexes, except 
in good and poor environments. The mean squares for variety x environ­
ment (linear) were similar for all the environmental indexes, and the 
pooled deviations were smaller for the all varieties mean index in all 
the groups of environments. These results favor the use of all varie­
ties mean index over the other indexes. The all varieties mean index 
had smaller deviations from regression because all of the varieties were 
used to assess the environmental index; thus, a relationship between 
any variety and the environmental index was expected. The influence of 
the types of environmental indexes on deviations from regression using 
V-370 and 10 good environments is shown in Figures 14, 15, and 16. 
The variety x environment interactions were significant for all 
the groups of environments. The pooled deviations from regression also 
were significant for all the groups of environments and environmental 
indexes. 
2. Stability parameters 
Eight stability parameters were calculated for each variety: 
2 
mean (X); regression coefficient (b); deviations from regression (S^); 
2 2 
coefficient of determination (r ); range (R) ; variance (S ) ; residual 
95 
Table 23. Stability analysis of variance that includes 91 environments 
and three environmental indexes 
Environment indexes 
Sources of 
variation 
All variety mean Rank Adapted variety 
mean 
dfs Mean 
squares^ 
Mean 
squares df 
Mean 
squares 
Varieties (V) 22 1451.73** 1451.73** 
Environments (E)+VxE 2070 167.20 167.20 
E (Linear) [E(L)] 1 285779.69 278260.62 1 233378.46 
V X E(L) 22 813.17** 799.90** 19 649.71** 
Pooled deviations 2047 20.73** 24.54** 1780 27.68** 
Pooled error 6006 5.66 5.66 6006 5.66 
^Degrees of freedom. 
b -5 
Mean squares multiplied by 10 
**Significant at the 0.01 level of probability. 
Table 24. Stability analysis of variance that includes the 1979 
experiments and three environmental indexes 
Environment indexes 
Sources of 
variation 
All variety mean Rank 
dfa Mean 
squares 
Mean 
squares 
Adapted variety 
mean 
df Mean 
squares 
Varieties (V) 
Environments (E)+VxE 
E (Linear) [E(L)] 
V x E(L) 
Pooled deviations 
Pooled error 
22 116.99** 
552 141.06 
1 64239.02 
22 179.94** 
529 18.27** 
1650 4.23 
116.99** 
141.06 
58935.99 1 
159.81** 19 
29.14** 460 
4.23 1650 
^Degrees of freedom. 
^Mean squares multiplied by 10 ^ . 
**Significant at the 0.01 level of probability. 
62424.43 
164.90** 
26.76** 
4.23 
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Table 25. Stability analysis that includes the 1980 environments 
and three environmental indexes 
Environment indexes 
„ £ All variety mean Rank Adapted variety 
Source of mean 
variation ,_a Mean Mean Mean dr k df 
squares" squares squares 
Varieties (V) 
Environments (E)+VxE 
E (Linear) [E(L)] 
V X E(L) 
Pooled deviations 
Pooled error 
22 1057.80** 
858 180.61 
1 125276.47 
22 503.30** 
836 22.25** 
2640 6.40 
1057.80** 
180.61 
116015.01 
502.30** 
33.37** 
6.40 
1 119509.23 
19 480.04** 
722 36.44** 
2640 6.40 
^Degrees of freedom. 
^Mean squares multiplied by 10 
**Significant at the 0.01 level of probability. 
Table 26. Stability analysis of variance that includes the 1981 
environments and three environmental indexes 
Environment indexes 
^ , Adapted varietv 
Source of All variety mean Rank 
mean 
variation Mean , Mean Mean d r n dr 
squares squares squares 
Varieties (V) 22 501.44** 501.44** 
Environments (E)+VxE 575 139.92 139.92 
E (Linear) [E(L)] 1 68383.97 67083.39 1 
V x E(L) 22 76.27** 82.44** 19 
Pooled deviations 552 18.83** 20.94** 480 
Pooled error 1716 5.91 5.91 1716 
^Degrees of freedom. 
^Mean squares multiplied by 10 
**Significant at the 0.01 level of probability. 
65975.30 
85.02** 
26.80** 
5.91 
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Table 27. Stability analysis of variance that includes 10 good 
environments and three environmental indexes 
Source of 
variation 
Environment indexes 
All variety mean 
df: Mean 
squares^ 
Rank 
Mean 
squares 
Adapted variety 
mean 
df Mean 
squares 
Varieties (V) 22 1055.04** 1055.04** 
Environments (E)+VxE 207 111.50 111.50 
E (Linear) [E(L)] 1 18737.06 15449.31 1 18239.94 
V X E(L) 22 30.49 30.74 19 31.04 
Pooled deviations 184 19.96** 27.30** 160 22.94** 
Pooled error 660 19.66 9.66 660 9.66 
^Degrees of freedom. 
^Mean squares multiplied by 10 ^. 
**Significant at the 0.01 level of probability. 
Table 28. Stability analysis of variance that includes 21 poor 
environments and three environmental indexes 
Environment indexes 
Source of All variety mean Rank Adapted variety 
mean 
variation 
dfa Mean 
squares^ 
Mean 
squares 
df Mean 
squares 
Varieties (V) 22 80.87** 80.87** 19 73.39** 
Environments (E)+VxE 460 33.60 33.60 400 33.27 
E (Linear) [E(L)] 1 12911.85 11766.93 1 3805.41 
V X E(L) 22 7.99 8.15 19 8.81 
Pooled deviations 437 5.42** 8.03** 380 6.29** 
Pooled error 1386 1.97 1.97 1386 1.97 
^Degrees of freedom. 
•L —3 
Mean squares multiplied by 10 
**Significant at the 0.01 level of probability. 
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Figure 14. Yield response of V-370 on all varieties mean for 10 good 
environments 
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Figure 16. Yield response of V-370 on environment ranks for 10 
good environments 
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range (RI); and 'stability variance' (SV). Other parameters such as 
'ecovalence', residual variance, and the residual mean Euclidean 
distance to the origin also were calculated, but their estimates were 
not presented here because they are closely related with 'stability 
variance' (SV). Hence, eight stability parameters will be discussed 
hereafter. The stability parameters are presented in Tables 29 to 34 
for the respective groups of environments. The difficulty in detect­
ing varieties with regressions different from one increased as the number 
of environments increased. The number of varieties with nonsignificant 
deviations from regression was greater in the group with good environ­
ments than in the other groups. H-309, V-370, and H-230 were the most 
consistent varieties, especially H-309, which had no statistical sig­
nificance for deviations from regression and desirable estimates for 
the other stability parameters. The relation of H-309 with the environ­
mental indexes that included all environments (91), 21 poor environments, 
and 10 good environments is shown in Figures 17, 18, and 19, respec­
tively. The trend of the responses of the other varieties on the 92 
environments are presented in Figures CI to C22. H-309, a double-cross 
hybrid developed for half irrigation and good rainfall conditions, 
yielded above the mean (3992 kg ha ^ ). H-230, with a single-cross 
parent in common to H-309, had a similar yield (3976 kg ha ^ ), but it 
was stable in 1979, a dry year, and in good environments. H-220, a 
three-way cross hybrid with a single-cross hybrid in common with H-230, 
yielded above the mean (3672 kg ha ) and was stable in good environ­
ments. H-309, H-230, and H-220 were developed from native varieties 
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Table 29. Estimates of stability parameters for 23 varieties based 
on the means of all environments 
Stability parameters^  
variety 
X b 
2 -5 
sjxlO 
a 
r? R S^xlO  ^ RI SVxlO"^  
VS-201 2877 0.67** 4.05** 0.80 6084 1.96 3715 8.09 
VS-202 2188 0.51** 4.30** 0.68 4653 1.34 4881 13.21 
H-309 3992 1.12** 1.90 0.96 8837 4.53 2402 2.26 
V-370 3863 1.17** 2.66** 0.95 8974 4.99 3239 3.61 
H-204 2442 0.51** 4.69** 0.66 4901 1.36 4938 13.83 
H-507 3097 1.02 6.26** 0.85 8985 4.18 4616 6.43 
H-222 3142 0.73** 4.01** 0.82 6093 2.23 3464 6.78 
P-515 2915 0.84** 12.77** 0.66 7619 3.72 5171 14.38 
H-2 30 3976 1.07 2.33** 0.94 8100 4.21 2707 2.37 
H-133 3841 1.01 8.81** 0.80 9178 4.38 5608 9.18 
Cafime 2767 0.64** 4.21** 0.77 5490 1.82 3945 9.14 
H-220 3672 0.85** 3.49** 0.88 7129 2.86 3001 4.23 
H-221 3423 0.80** 3.84** 0.85 6720 2.59 3565 5.31 
B-666 3933 1.26** 5.10** 0.92 10382 5.97 4784 7.68 
B-15 3422 1.07 6.84** 0.86 8805 4.59 4765 6.84 
EH 4375 1.35** 5.59** 0.92 10481 6.85 4454 10.35 
H-369 4421 1.32** 5.73** 0.91 10927 6.57 4896 9.69 
B-670 3550 1.14** 7.61** 0.86 9071 5.22 3879 8.59 
Celaya 3819 1.09* 3.49** 0.92 8319 4.47 2874 3.74 
VS-373 4084 1.12** 4.37** 0.92 9566 5.48 3744 6.02 
H-352 4067 1.11** 3.98** 0.92 9029 4.63 3339 4.38 
H-366 3957 1.19** 4.17** 0.92 9341 5.27 3540 5.46 
A-79 3 4488 1.32** 9.34** 0.87 12991 6.93 8232 13.60 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^ ) , coefficient of determina­
tion (r^ ), range (R), variance (S^ ) , residual range (RI), and stability 
variance (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 30. Estimates of stability parameters for 23 varieties based 
on the means of the 1979 environments 
Stability parameters 
variety 
X b S^xlO 5 
a 
2 
r R S^xlO G RI SVxlO ^ 
VS-201 2367 0.66** 4.32** 0.76 5316 1.69 2676 7.84 
VS-202 1872 0.52** 3.88** 0.68 4523 1.16 3633 11.13 
H-309 2808 1.14 1.46 0.96 8493 3.91 1849 1.84 
V-370 2639 1.21** 1.83* 0.96 8974 4.43 2847 3.02 
H-204 2027 0.51** 5.41** 0.59 4607 1.27 3959 13.03 
H-507 2322 0.95 8.32** 0.77 6489 3.42 4257 8.50 
H-222 2551 0.75** 4.81** 0.78 5709 2.09 2748 6.75 
P-515 2465 0.85 6.36** 0.78 5496 2.73 3911 7.05 
H-230 2886 1.08 1.33 0.96 7701 3.53 1661 1.30 
H-133 2711 1.04 2.72** 0.92 7026 3.37 2425 2.58 
Cafime 2273 0.65** 3.92** 0,77 5125 1.61 2765 7.67 
H-220 3037 0.90 3.97** 0.86 6507 2.74 2503 4.18 
H-221 2621 0.82 4.34** 0.83 6720 2.37 2514 5.28 
B-666 2910 1.32** 6.16** 0.90 10382 5.69 4142 9.51 
B-15 2357 1.16 2.65** 0.94 8805 4.14 2799 3.25 
EH 2923 1.26** 4.39** 0.92 9226 5.06 2710 6.50 
H-369 3036 1.22** 3.01** 0.94 7840 4.64 2243 4.44 
B-670 2603 1.07 5.75** 0.86 7563 3.88 2936 5.88 
Celaya 2587 1.08 3.15** 0.92 7430 3.69 2571 3.20 
VS-373 2861 1.16 2.40** 0.94 7473 4.13 2164 3.01 
H-352 2856 1.05 2.00** 0.94 7005 3.40 2032 1.87 
H-366 2784 1.15 5.15** 0.89 7600 4.32 2785 5.79 
A-793 3347 1.45** 17.75** 0.78 12991 7.82 8144 24.80 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^ ), range (R), variance (S^), residual range (RI), and sta­
bility variance (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 31. Estimates of stability parameters for 23 varieties based 
on the means of the 1980 environments 
Stability parameters' 
variety 2 „-5 2 2 _-6 -5 
X b S^xlO r R S xlO RI SVxlO 
VS-201 3102 0.64** 3.33** 0.81 5893 1.75 3442 8.10 
VS-202 2336 0.46** 3.25** 0.70 4361 1.06 4430 14.13 
H-309 4535 1.07 2.28 0.95 8580 4.23 2245 2.22 
V-370 4312 1.12 2.15 0.95 8475 4.56 1889 2.40 
H-204 2599 0.42** 4.18** 0.61 4060 1.04 4938 16.69 
H-507 3515 1.15** 6.21** 0.88 8951 5.26 3361 7.13 
H-222 3372 0.69** 4.37** 0.79 5719 2.07 3182 8.00 
P-515 2952 0.86** 18.03** 0.59 7619 4.34 7171 19.58 
H-230 4383 1.03 2.68* 0.93 7780 3.99 2704 2.50 
H-133 4279 0.93 15.04** 0.67 9179 4.49 5608 15.82 
Cafime 2995 0.56** 3.66** 0.76 5133 1.46 3945 10.80 
H-220 3985 0.80** 3.50** 0.87 6832 2.60 2981 4.80 
H-221 3706 0.72** 3.68** 0.83 6305 2.16 3564 6.56 
B-666 4362 1.29** 4.79** 0.92 9008 6.26 3907 7.87 
B-15 3496 1.00 3.33** 0.91 8504 3.84 2593 3.17 
EH 4988 1.43** 3.89** 0.95 10481 7.55 4244 10.90 
H-369 5250 1.41** 6.05** 0.92 10842 7.52 4896 12.44 
B-670 3998 1.23** 10.22** 0.84 9171 6.28 3550 12.52 
Celaya 4375 1.08 2.92** 0.93 8319 4.38 2131 2.97 
VS-373 4670 1.29** 4.33** 0.93 9362 6.28 3711 7.54 
H-352 4784 1.17** 3.77** 0.93 8831 5.12 2706 4.67 
H-366 4579 1.28** 3.41** 0.94 9258 6.06 3048 6.25 
A-793 5056 1.34** 7.26** 0.90 9546 7.03 4793 11.89 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^ ), coefficient of determina­
tion (r-), range (R), variance (S^), residual range (RI), and sta­
bility variance (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
105 
Table 32. Estimates of stability parameters for 23 varieties based 
on the means of the 1981 environments 
Stability parameters^  
2 -5 2 2 -6 -5 X b SjXlO r R S xlO RI SVxlO 
VS-201 3019 0.79** 4.92** 0.80 5738 2.33 2873 6.33 
VS-202 2262 0.68** 5.72** 0.71 4482 1.91 4101 9.16 
H-309 4294 1.14 1.54 0.96 6676 4.01 1736 1.99 
V-370 4349 1.18* 4.00** 0.92 6804 4.52 3239 5.00 
H-204 2597 0.69** 4.11** 0.78 4901 1.81 3771 7.18 
H-507 3200 0.89 3.09** 0.89 5440 2.67 2444 3.36 
H-222 3357 0.83** 2.80** 0.88 5144 2.29 2596 3.69 
P-515 3292 0.97 9.25** 0.76 6095 3.66 3752 9.50 
H-230 4397 1.11 2.74* 0.93 7334 3.91 1823 2.99 
H-133 4254 1.05 5.27** 0.87 6614 3.76 2774 5.35 
Cafime 2891 0.81* 4.69** 0.81 5420 2.39 3034 5.87 
H-220 3800 0.97 2.57** 0.92 6054 3.03 2081 2.47 
H-221 3758 0.91 3.27** 0.89 6455 2.79 2437 3.43 
B-666 4255 1.21** 4.81** 0.90 7923 4.81 3325 6.22 
B-15 4331 1.11 9.36** 0.80 7000 4.54 4765 9.95 
EH 4826 1.20** 8.56** 0.84 8224 5.12 4187 10.07 
H-369 4478 1.16** 4.58** 0.90 6926 4.44 2488 5.39 
B0670 3769 1.08 5.56** 0.87 6921 4.01 2783 5.80 
Celaya 4146 1.03 4.48** 0.88 5972 3.58 2785 4.48 
VS-373 4375 1.05 5.53** 0.86 7570 3.82 2949 5.64 
H-352 4127 0.96 3.74** 0.88 5615 3.11 2787 3.72 
H-366 4128 1.01 2.98** 0.91 5544 3.33 1691 2.88 
A-793 4712 1.18** 4.70** 0.90 7970 4.60 2749 5.74 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^ ), range (R), variance (S ), residual range (RI), and sta­
bility variance (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 33. Estimates of stability parameters for 23 varieties based on 
the means of the 10 good environments 
. _ Stability parameters^  
Variety _ 2 -5 2 2 -6 -5 
X b S xlO r R S xlO RI SVxlO 
VS-201 3603 0.84 2.82 0.87 4242 1.86 1395 3.10 
VS-202 2475 0.69 2.61 0.82 3214 1.31 2060 4.67 
H-309 5917 1.19 1.82 0.95 5642 3.37 1449 2.42 
V-370 6517 1.09 3.75 0.89 4859 3.00 1881 3.58 
H-204 2510 0.64* 2.26 0.82 2836 1.11 2155 5.21 
H-507 6397 1.10 5.20* 0.86 4908 3.18 1991 5.03 
H-222 3967 0.91 1.96 0.92 4338 2.06 1310 1.83 
P-515 4799 0.81 22.41** 0.43 5591 3.47 4644 22.47 
H-230 6050 0.96 2.07 0.92 4566 2.29 1282 1.79 
H-133 6234 0.88 6.41** 0.75 4798 2.31 2439 6.35 
Cafime 3257 0.90 2.15 0.91 3951 2.02 1614 2.08 
H-220 4816 0.86 1.04 0.95 3839 1.78 1326 1.21 
H-221 4426 0.88 1.78 0.92 4049 1.91 1561 1.83 
B-666 7223 1.09 3.99 0.88 4566 3.02 1818 3.81 
B-15 5982 0.99 11.89** 0.68 4977 3.28 3159 11.32 
EH 7872 1.51** 7.41** 0.89 6077 5.83 2941 13.43 
H-369 7526 1.25 8.52** 0.83 6705 4.32 3579 9.63 
B-670 6761 1,13 2.64 0.92 4798 3.10 1794 2.70 
Celaya 6252 0.95 2.55 0.90 4221 2.28 1617 2.27 
VS-373 7348 1.21 5.04* 0.88 5413 3.77 2287 5.76 
H-352 6312 0.99 6.47** 0.79 5068 2.77 2887 6.04 
H-366 7015 1.13 3.85 0.89 4756 3.22 1886 3.89 
A-793 7302 1.01 6.14** 0.81 4689 2.83 2062 5.72 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^) , coefficient of determina­
tion (r^ ), range (R), variance (S ), residual range (RI), and sta­
bility variance (SV). 
^*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 34. Estimates of stability parameters for 23 varieties based 
on the means of the 21 poor environments 
Variety Stability parameters' 
s2«io-5 S^xlO ^ RI SVxlO -5 
VS-201 1642 1.02 1.61** 0.83 3809 0.89 1492 1.61 
VS-202 1364 0.74* 1.61** 0.72 2347 0.54 1875 2.13 
H-309 1430 0.99 0.77 0.90 3645 0.76 1053 0.73 
V-370 1190 1.01 0.41 0.95 3489 0.76 796 0.36 
H-204 1519 0.88 1.82** 0.76 3317 0.71 1438 1.94 
H-507 767 0.81* 0.57 0.89 2774 0.51 1189 0.82 
H-222 1780 1.04 1.21** 0.87 3681 0.87 1158 1.20 
P-515 1037 1.07 2.08** 0.80 3225 0.99 1560 2.13 
H-230 1563 1.08 1.09** 0.89 4327 0.92 1114 1.11 
H-133 1527 1.22* 1.82** 0.86 3952 1.22 1842 2.20 
Cafime 1661 1.05 0.82* 0.91 3720 0.86 918 0.80 
H-220 1965 1.12 1.35** 0.87 3922 1.00 1174 1.44 
H-221 1841 1.11 1.86** 0.83 3734 1.04 1643 1.95 
B—666 1099 1.13 2.20** 0.81 3395 1.11 2066 2.35 
B-15 957 0.82 0.91** 0.85 2404 0.56 1351 1.11 
EH 1135 1.03 1.03** 0.88 2926 0.84 1330 1.08 
H-369 1236 1.03 0.94** 0.89 3999 0.84 1078 0.92 
B-670 926 0.84 2.35** 0.69 3240 0.71 2599 2.59 
Celaya 1247 1.01 1.76** 0.81 3811 0.88 1571 1.76 
VS-373 1208 0.94 0.85* 0.89 3396 0.70 1203 9.03 
H-352 1455 0.94 1.46** 0.82 3442 0.75 1819 1.49 
H-366 1154 1.01 1.48** 0.84 3869 0.86 1758 1.47 
A-793 1493 1.13 1.08** 0.90 4043 1.00 1389 1.18 
^Stability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (Sj), coefficient of determina­
tion (r^ ), range (R), variance (S^) , residual range (RI), and sta­
bility variance (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Figure 17. The relation of variety K-309 on the environmental index 
that included 91 environments 
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Figure 18. The relation of variety 11-309 on the environmental index 
that included 21 poor environments 
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Figure 19. The relation of variety H-309 on the environmental index 
that included 10 good environments 
Ill 
that included 'Celaya* germplasm and evaluations were conducted in dif­
ferent states. 
V-370 was developed from typical 'Celaya' germplasm by mass selec­
tion in Celaya, Gto. V-370 yielded 3863 ka ha  ^and was stable in 1980 
and in good and poor environments. Early and very early varieties had 
regression coefficients of one or less and were unstable except in good 
environments. Late varieties had regressions of one or larger and 
were unstable in most of the environment groups. B-670 and H-366, how­
ever, were stable in good environments. P-515 included tropical germ­
plasm and was the most unstable variety. The extremely early and late 
varieties also were unstable. It seems that deviations from typical 
regional germplasm ('Celaya') and from intermediate maturity types 
(H-309) were the causes of instability. 
The product-moment correlation coefficients between stability 
parameters are presented in Tables 35, 36, 37, 38, 39, and 40 for the 
different groups of environments. The groups of environments that in­
cluded the 91 experiments, 1979 experiments, 1980 experiments, and 1981 
experiments can be considered random environments in the region. The 
two groups of environments that included 10 good environments and 21 
poor environments can be considered nonrandom or restricted environ­
ments. 
— 2 2 The mean (X) was correlated with b, r , R, and S in all groups of 
2 
environments, but not with r in the restricted environments. The re-
2 2 -gression coefficient (b) was correlated with r , R, and S . Neither X 
2 
nor b was associated with S^ , RI, or SV. Deviations from regression 
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Table 35. Product-moment correlation coefficients between stability 
parameters for the 91 environments 
Stability parameters^ 
2 2 2 
S- r R S RI SV 
a 
X 0.91** -0.06 0.84** 0.87** 0.87** 0.00 -0.45* 
b 0.11 0.79** 0.95** 0.95** 0.11 -0.35 
s: —0.46* 0.31 0.25 0.74** 0.69** 
r2 0.63** 0.67** -0.40 -0.81** 
R 0.98** 0.38 -0.12 
S2 0.27 -0.17 
RI 0.79** 
^Stability parameters include the mean (X) , regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^), range (R), variance (S^ ), residual range (RI), and "sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Sta­
bility 
param- b 
eters 
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Table 36. Product-moment correlation coefficients between stability 
parameters for the 1979 environments 
Stability parameters^  
b S^  r^  R RI SV 
a 
X 0.81** 0.23 0.63** 0.75** 0.78** 0.10 -0.01 
b 0.21 0.75** 0.91** 0.95** 0.18 -0.04 
s: —0.44* 0.44* 0.47* 0.96** 0.91** 
2 
r 0.52* 0.53** —0.48* -0.65** 
R 0.97** 0.44* 0.27 
0.45* 0.27 
RI 0.94** 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^ ), range (R), variance (S^ ), residual range (RI), and 'sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Sta­
bility 
param­
eters 
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Table 37. Product-moment correlation coefficients between stability 
parameters for the 1980 environments 
Stability parameters^ 
2 2 2 
S, r R S RI SV 
a 
X 0.89** -0.09 0.76** 0.87** 0.83** -0.23 -0.36 
b 0.05 0.73** 0.97** 0.98** -0.14 -0.25 
s: -0.59** 0.20 0.21 0.78** 0.72** 
2 
r 0.63* 0.58** -0.72** —0.80** 
R 0.96** -0.05 -0.18 
S2 
-0.06 -0.04 
RI 0.94** 
Sta­
bility 
param- b 
eters 
^Stability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^ ), range (R), variance (S^ ), residual range (RI), and 'sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 38. Product-moment correlation coefficients between stability 
parameters for the 1981 environments 
Sta­ Stability parameters^ 
bility 
param- b 
eters 
Sd r2 R S2 RI SV 
X 0.93** 0.05 0. ,67** 0. ,84** 0. ,88** -0. 20 -0. 17 
b 0.14 0, .62* 0, ,89** 0. ,97** -0, ,11 -0. 06 
4 -0, .65** 0, ,28 0. ,35 0. ,84** 0. ,92** 
r  ^ 0, .43* 0. 43* -0. 76* -0, ,80** 
R 0, .90** 0, .04 0. 13 
0, .10 0, .17 
RI 0 .93** 
^Stability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^ ), coefficient of determina­
tion (r2), range (R), variance (S^), residual range (RI), and 'sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels or probability, 
respectively. 
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Table 39. Product-moment correlation coefficients between stability 
parameters for the 10 good environments 
Stability parameters^ 
2 2 9 
Sj r R RI SV 
X 0.84** 0. 20 0.07 0.75** 0.78** 0.23 0.18 
b 0. 06 0.27 0.80** 0.91** 0.14 0.14 
s: -0.93** 0.51* 0.45* 0.92** 0.95** 
-0.21 -0.13 -0.85** -0.86** 
R 0.90* 0.56* 0.52* 
0.52 0.55* 
RI 0.94 
^Stability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r2), range (R), variance (S ), residual range (RI), and 'sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Sta­
bility 
param- b 
eters 
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Table 40. Product-moment correlation coefficients between stability 
parameters for the 21 poor environments 
Stability parameters^  
? 2 2 
T R RI SV 
X 0.49* 0.05 0.16 0.56** 0.46* -0.25 -0.11 
b -0.13 0.44* 0.76** 0.95** -0.14 -0.10 
4 -0.82** 0.02 0.42 0.85** 0.14 
0.38 0.16 -0.84** -0.15 
R 0.69** -0.21 -0.08 
S2 0.13 -0.06 
RI 0.18 
S^tability parameters include the mean (X), regression coeffi­
cient (b), deviations from regression (S^), coefficient of determina­
tion (r^ ), range (R), variance (S^) , residual range (RI), and 'sta­
bility variance' (SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Sta­
bility 
param- b 
eters 
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2 2 2 (S^) was always associated with r , RI, and SV and with R and S in 
1979 (Table 36) and in good environments (Table 39). The coefficient 
2 2 
of determination (r ) was correlated with R and S in the random groups 
of environments and with RI and SV in both the random and restricted 
groups of environments» except in all environments for RI and in poor 
2 
environments for SV, The range (R) was always correlated with S and 
2 
with RI in 1979 environments. The variance (S ) was correlated with RI 
and SV in 1979 and good environments, respectively. Residuals (RI) 
and 'stability variance' (SV) were always correlated except in the poor 
environments (Table AO). 'Stability variance' (SV) was not correlated 
with any of the other stability parameters in poor environments (Table 
40). 
The product-moment correlations were calculated between the param­
eters estimates of each variety in the 91 environments and the parameter 
estimates in the 1979, 1980, 1981, good, and poor environments. The 
correlations of each parameter itself, between estimates in the 91 
environments, and in different groups of environments are included in 
Table 41. The correlations were significant for all groups of environ­
ments and for all stability parameters except for poor environments and 
2 for RI in 1981 and r in poor environments. All of the stability 
2 parameters had low correlations in poor environments, with only r being 
significant at the 0.05 level of probability. The mean (X) and the 
regression coefficient (b) generally had the highest correlations except 
in poor environments. 
The correlations of each parameter itself between estimates in 
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Table 41. Product-moment correlation coefficients of each stability 
parameter itself, between estimates in the 91 environments, 
and in different groups of environments 
Stability parameters^ 
environ­
ments 
X b 4 
r2 R S2 RI SV 
All (91) 1.00 1 .00 1.00 1.00 1 .00 1.00 1.00 1.00 
1979 0.90** 0 .98** 0.53* 0.84** 0 .87** 0.92** 0.83** 0.71** 
1980 0.94** 0 .95** 0.87** 0.94** 0 .90** 0.93** 0.68** 0.90** 
1981 0.90** 0 .91** 0.69** 0.86** 0 .74** 0.85** 0.41 0.64** 
Good 0.84** 0 .73** 0.79** 0.53* 0 . 66** 0.67** 0.43* 0.48* 
Poor —0.08 0 . 23 0.33 0.50* 0 .23 0.14 0.18 0.06 
^Stability parameters include the mean (X), regression coefficient 
(b), deviations from regression (S^ ), coefficient of determination (r^), 
range (R), variance (S^), residual range (RI), and 'stability variance' 
(SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
different groups of environments are presented in Tables 42 to 45. 
The mean (X) and the regression coefficient (b) had the highest corre-
2 lations except in poor environments. The R and S had significant 
correlations, but generally they were smaller than X and b. The other 
2 2 
stability parameters (S^ , r , RI and SV) had smaller correlations. The 
correlations in poor environments were small but occasionally signifi­
cant at 0.05 level of probability. The groups of environments in 1979, 
1980, and 1981 were independent, and the groups with good and poor 
environments were also independent. The repeatability of X and b was 
higher and more consistent than for the other parameters when random 
groups of environments (1979, 1980, and 1981) were considered. The 
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Table 42. Product-moment correlation coefficients of each stability 
parameter itself, between estimates in the 1979 environ-
ments, and in different groups of environments 
Group 
of 
environ­
ments 
Stability parameters a 
X b 
4 
r2 R S^  RI SV 
All (91) 0. 90** 0. 98** 0.53* 0.84** 0.87** 0.92** 0.83** 0.71** 
1979 1. 00 1 .00 1.00 1.00 1.00 1.00 1.00 1.00 
1980 0. 90** 0 .92** 0.27 0.73** 0.71** 0.86** 0.39 0.47* 
1981 0 .85** 0 .95** 0.07 0.64** 0.82** 0.86** 0.21 0.28 
Good 0 .76** 0 .71** 0.14 0.16 0.45* 0.62** 0.10 0.05 
Poor 0 .10 0 .30 0.10 0.44* 0.17 0.21 0.12 -0.10 
S^tability parameters include the mean (X), regression coefficient 
(b), deviations from regression (S^), coefficient of determination (r^ ), 
range (R), variance (S ), residual range (RI), and 'stability variance' 
(SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Table 43. Product-moment correlation coefficients of each stability 
parameter itself, between estimates in the 1980 environ-
ments, and in different groups of environments 
Stability parameters^  
or 
environ­
ments 
X b 4 
r2 R s2 RI SV 
All (91) 0.94** 0, .95** 0.87** 0. 94** 0.90** 0. 93** 0.68** 0.90** 
1979 0.90** 0, .92** 0.27 0. 73** 0.71** 0. 86** 0.39 0.47* 
1980 1.00 1 .00 1.00 1. 00 1.00 1 .00 1.00 1.00 
1981 0.92** 0 .86** 0.44* 0. ,70** 0.72* 0 .81** 0.33 0.55* 
Good 0.89** 0 .86** 0.67** 0, .53* 0.84** 0 .83** 0.62** 0.53* 
Poor -0.14 0 .14 0.45* 0, .46* 0.12 0 .09 0.23 0.51* 
S^tability parameters include the mean (X), regression coefficient 
(b), deviation from regression (S^ ), coefficient of determination (r ), 
range, (R), variance (S^ ), residual range (RI), and 'stability variance' 
(SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 44. Product-moment correlation coefficientsof each stability 
parameter itself, between estimates in the 1981 environ-
ments, and in different groups of environments 
Groups 
of 
environ­
ments 
Stability parameters^ 
X b Sd r2 R RI SV 
All (91) 0, .90** 0. .91** 0.69** 0.86** 0.74** 0 .85** 0 .41 0.64** 
1979 0, .85** 0, .95** 0.07 0.64** 0.82** 0 .36** 0 .21 0.28 
1980 0 .92** 0 .86** 0.44* 0.70** 0.72** 0 .81** 0 .33 0.55* 
1981 1 .00 1 .00 1.00 1.00 1.00 1 .00 1 .00 1.00 
Good 0 .89** 0 .74** 0.74** 0.55* 0.59** 0 .76** 0 .51* 0.69** 
Poor -0 .19 0 .37 0.18 0.53* 0.17 0 .22 0 .13 0.10 
S^tability parameters include the mean (X), regression coefficient 
(b), deviations from regression (S^), coefficient of determination (r^) , 
range (R), variance (S ), residual range (RI), and 'stability variance' 
(SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Table 45. Product-moment correlation coefficients of each stability 
parameter itself, between estimates in good environments, 
and in different groups of environments 
Stability parameters^  
or 
environ­
ments 
X b Sd r2 R S^ RI SV 
All (91) 0 .85** 0.80** 0. 79** 0 .61** 0.76** 0 .77** 0.39 0.57** 
1979 0 .78** 0.75** 0. 18 0 .27 0.48* 0 .67** 0.67** 0.16 
1980 0 .91** 0.90** 0. 76** 0 .63** 0.83** 0 .89** 0.69** 0.66** 
1981 0 .89** 0.73** 0. 62** 0 .51* 0.54* 0 .70** 0.33 0.56* 
Good 1 .00 1.00 1. 00 1 .00 1.00 1 .00 1.00 1.00 
Poor -0 .52* 0.05 0. 09 0 .20 -0.05 -0 .08 0.08 0.04 
S^tability parameters include the mean (X), regression coefficient 
(b), deviations from regression (S^ ), coefficient of determination (r^ ), 
range (R), variance (S^) , residual range (RI), and 'stability variance' 
(SV). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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correlations of X and b between good and poor environments were low; 
however, the correlation for the mean was significant at 0.05 level of 
probability and negative (Table 45). The repeatability of the param­
eters was a function of the parameter itself and the types of environ­
ments considered. 
The original experimental design was a partially balanced 5x5 
lattice design with four replications. The lattice design was 20% more 
efficient than a randomized complete block, design. One of the ad­
vantages of lattice design compared to the randomized complete block 
design is that the treatment means (entries) can be compared by using 
adjusted means; i.e., treatment means adjusted for the intrablock vari­
ation. Another practical advantage for the use of the lattice design 
was because it was more flexible in its establishment on land with 
irregular shape; smaller blocks were easier to arrange on irregular 
pieces of land than larger blocks. When the experiments were established 
on farmer's land, it was common to have irregular pieces of land. The 
number of genotypes for evaluation in a breeding program is generally 
large and the environmental variation within complete blocks is usually 
not homogeneous because the soil variation and its interactions with 
moisture. The assumption of no intrablock variation of randomized com­
plete block design is violated seriously, and the detection of genotype 
differences is difficult due to the magnitude of the experimental error. 
Lattice designs would be recommended for evaluations of genetic materials 
when the variation within blocks is important due to a large number of 
entries, large plots, natural soil variation, or a combination of these 
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factors. 
The results of the combined analyses of variance were useful to 
analyze the importance of genotype x environment interaction. The 
genotype x environment interaction was significant, and the variety x 
location and variety x location x year interactions were more important 
than variety x year interaction. The varieties tested had different 
responses to the environmental conditions in Bajio, and their linear 
responses (slopes) on environmental indexes were different. The sta­
bility of the varieties was determined by their maturity, germplasm, 
and selection history. 
Cluster analyses showed that environmental conditions can be 
similar regardless of their geographic location; i.e., two locations 
widely separated can be more similar than two adjacent locations. This 
was because the predominant factor to establish the similarity among 
environments was moisture. The variety x environment interaction could 
be reduced considerably and the linear responses (slopes) of the 
varieties in these similar environments were not significantly different. 
The information from the analyses of variance, the cluster analyses 
and the stability analyses suggested a subdivision of the Bajio region 
by considering geographic areas and levels of moisture. Additionally, 
the choices of appropriate germplasm, breeding procedures, and maturity 
types were fundamental in developing stable varieties for the region. 
The information from principal component analyses and the correla­
tion and covariance estimates between environments and environment 
means within the locations, the domain of experiment stations, and the 
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states was used to detect environmental conditions, locations, experi­
ment stations, and states that could represent the overall mean 
response of the varieties in the Bajio region, or target region. Those 
environments, locations, experiment stations, and states could be used 
for testing and selecting varieties in a breeding program for the 
target region. 
The information from the stability parameter estimates could be 
used to detect and select the most appropriate stability parameters 
for comparisons of varieties in a given breeding program. The correla­
tions between stability parameters and the correlations of the stability 
parameters estimates between different groups of environments indicated 
the mean (X), the regression coefficient (b), the range (R), and the 
2 
variance (S ) were related, and, in the same manner, deviations from 
2 
regression (S^ ), residual range (RI), and 'stability variance' (SV) were 
related. But the stability parameter estimates between these groups 
were not related. The mean (X) and the regression coefficient (b) were 
repeatable among random and good environments, but a negative relation 
between good and poor environments was obtained for the mean (X). The 
mean (X) was the most consistent parameter to select for adaptation. 
2 The coefficient of determination (r ) was the most consistent parameter 
for yield stability, but it did not have repeatability from poor to 
good environments. 
In practical breeding programs, breeders are interested in the 
superior genotypes either to continue their evaluation next generation 
in a variety development project or to recombine them to form an 
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improved population in a selection project. From the information in 
Figure 13, it was evident that the best yielding varieties in the 
region ranked higher more frequently than medium or low yielding 
varieties. If the number of environments for testing increases and 
the environmental conditions are restricted, as in a breeding program, 
the probability of identifying the best genotypes must increase 
considerably. 
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V. SUMMARY AND CONCLUSIONS 
The Bajio region is an important maize production area in Mexico. 
The Bajio region, and areas similar to Bajio, has been recognized since 
the 1940s as one important area for emphasizing maize breeding to 
develop varieties for commercial use. The Bajio region has been char­
acterized for having environmental diversity. The physical and bio­
logical factors that define the environments of the Bajio region under 
which the crops are grown are variable within the region. Because of 
the environmental variation within the Bajio region, this has complicated 
the selection and development of superior genotypes for variety recom­
mendations. The importance of the genotype x environment interaction 
has been recognized in the development of varieties recommended in the 
region. 
The number of experiment stations has increased in the last years 
in the Bajio region to increase the efficiency of developing superior 
varieties. The creation of new experiment stations may, however, cause 
duplicity of effort in their breeding programs. Possible similarities 
among the experiment stations could include common breeding objectives, 
germplasm sources, and environmental conditions. Under these circum­
stances, the efficiency of the breeding efforts in the Bajio region 
would decrease because of the operation costs of many small breeding 
programs at each experiment station. 
Trials were conducted by researchers at the different experiment 
stations to collect data that could be used to increase the efficiency 
of the maize breeding program in the Bajio region. The data were 
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analyzed to determine the degree of similarity among environments and 
among commercial varieties; to determine the adaptability and stability 
of commercial varieties; and to obtain information on the relative 
importance of genotype x environment interactions. The trials included 
25 entries evaluated in a partially balanced 5x5 lattice design with 
four replications. Four-row plots were used with data taken from the 
two center rows. The experiments were conducted at experiment stations 
and on farmers' land in 92 environments in the Bajio region during 1979 
to 1981. Yield was the only trait measured for all the experiments, 
but data for other traits of agronomic importance were collected in 
some environments. Of the 25 varieties originally included in the tri­
als, only 23 were common in the 92 environments-
The experiments were analyzed individually for yield. Analyses of 
variance were calculated considering the original experimental design 
for each environment. Additional analyses of variance were calculated 
that included only the 23 varieties common to all experiments. 
The yield data were the principal information in this study. Three 
data matrices were prepared to be used in different types of analyses. 
The Y data matrix of v varieties by p environments was constructed by 
vp 
using the variety mean across replications or experiments. The data 
matrix of the same dimension as that of the Y matrix was constructed 
vp 
by putting the ranks of the variety means across replications within 
environments. The I data matrix included the residual values obtained 
vp 
by fitting a model that included variety x environment interaction to 
the Y data matrix. 
vp 
128 
The experiments were combined in analyses of variance using two 
statistical models and the Y data matrix. One model considered 
vp 
variety x environment interaction, and the other model considered 
variety x year, variety x location, and variety x location x year inter­
actions. 
Cluster analysis for environments was performed using the data 
matrix, product-moment correlation coefficient, and the average linkage 
method. Cluster analysis for environments also was computed using the 
R data matrix. Spearman's rank correlation coefficient, and the 
vp 
average linkage method. The varieties were classified using data 
matrix, product-moment correlation coefficient, and the average linkage 
method. 
Principal component analysis was done to reduce and simplify the 
analysis of the relationship among environments and among varieties. 
The principal component analysis was conducted for the environments 
using the Y and I data matrices, and for the varieties using the 
° vp vp 
Y^ data matrix and pooling the information within locations and 
experiment stations. The correlations between the first principal 
component either and the environments or pooled environments were calcu­
lated to obtain information of the capability of either the environments 
or group of environments to differentiate varieties. The correlations 
between the first and second principal components and the varieties were 
calculated to determine the most desirable varieties to differentiate 
environments. 
The correlations and covariances were calculated between the 
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variety means within environments, locations, experiment stations, and 
clusters and the variety means across all the environments to identify 
representative environments, locations, experiment stations, and states 
for breeding and developing varieties for the Bajio region. 
The stability analysis of variance suggested by Eberhart and 
Russell (1966) was computed by maturity groups (very early, early, 
medium, and late varieties) and by different groups of environments for 
three environmental indexes (all variety means, ranks of all variety 
means, and means of three adapted varieties). The stability parameters 
were calculated for each variety across different groups of environments, 
and correlations of the parameter estimates were calculated within each 
environmental group. The correlations for each stability parameter 
itself, between the variety parameter estimates, and among groups of 
environments were calculated to determine the repeatability of the 
stability parameter estimates among groups of environments. 
Based on the information from my study, the following conclusions 
can be made. 
Variety x location and variety x location x year interactions were 
more important than variety x year interactions. 
Variety x environment interaction was primarily due to maturity 
groups, and the intermediate and late maturity varieties contributed 
more to the variety x environment interaction. 
Moisture available for maize production was the most important 
factor to determine similarity among environments. 
Intermediate and late maturity varieties were the most appropriate 
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varieties to differentiate environments. 
The similarity between varieties was determined by maturity, germ-
plasm source, and kinship. 
The similarity between varieties and groups of varieties was de­
tected more effectively by use of the residual data than by use of mean 
data. 
The varieties developed in the Bajio region that included the 
'Celaya'-'Tuxpeno' germplasm combination and environments within 
Guanajuato exhibited higher yields. 
The average environmental conditions in Guanajuato and Michoacan, 
and their respective experiment stations (Celaya (I) and Maravatio) 
represented the average environmental conditions in Bajio region. 
The average environmental conditions of Celaya, Gto. (I); 
Tepatitlan, Jal. (R); Ocotlan, Jal. (I), and Cd. Guzman, Jal. (R) experi­
ment stations differentiated the varieties in a more similar manner 
than when all environments were used. 
Celaya, Gto. (I) was the best location to represent the average 
environmental conditions in the Bajio region and to differentiate 
varieties by their yields. 
Most of the differences among variety slopes was due to maturity 
differences among the varieties, and the very early varieties contributed 
the least to the differences among variety slopes. 
The environmental index from all variety means was better than the 
environmental indexes for all variety mean ranks and for the means of 
three adapted varieties. 
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The varieties developed in the Bajio region from use of environ­
ments in different states within the region and (or) use of 'Celaya' 
germplasm were the most adapted and stable in the region. 
Early and very early varieties were stable in good environments 
but with regression coefficients of one or lower. 
Higher yielding varieties were ranked higher more frequently than 
medium and lower yielding varieties. 
The stability parameters for adaptation mean (X), regression coef-
2 
ficient (b), range (R), and variance (S ) and for stability deviations 
2 from regression (S^), residual range (RI), and 'stability variance' 
(SV) were correlated. The two stability parameter groups were not 
associated, but the coefficient of determination was associated with 
both groups in the random environments. The mean (X), and regression 
(b) parameters for adaptation were related and the most repeatable. 
2 2 
Among the parameters for stability (S^, RI, SV, and r ), the coef-
2 ficient of determination (r ) was the most repeatable. 
Considering the information derived from this study, some general 
recommendations can be made for maize breeding in Bajio region of Mexico. 
The moisture levels from either irrigation and (or) rainfall must be 
considered to define the target environmental conditions to develop 
commercial varieties. Two areas are recommended in Bajio: (1) experi­
ment stations in Jalisco to develop varieties for good natural rainfall 
conditions (more than 800 mm) ; and (2) experiment stations in 
Guanajuato and the experiment station at Maravatio, Mich, to develop 
varieties more efficient for irrigation, and to develop varieties for 
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natural rainfall conditions between 600 to 800 mm. The two breeding 
areas would have the primary responsibility of independently developing 
varieties for their respective areas. The two areas, however, must 
exchange materials and organize cooperative projects for developing 
varieties for good natural rainfall conditions and irrigation. 
The irrigated areas, represented by experiment stations at 
Pabellon, Ags.; Calera, Zac.; and Durango, Dgo., could be considered 
for testing purposes in the breeding program of Guanajuato for develop­
ing varieties for irrigation. 
Useful introduced germplasm could be incorporated in breeding pro­
grams by combining them with adapted germplasm and by selection at 
Celaya, Gto., and at some location in the central part of Jalisco. The 
program must be aware of risks of using introduced germplasm and de­
ployment of varieties with narrow germplasm base, especially for disease 
problems. To take care of these problems, the integration of various 
disciplines would be of extreme importance in the program. 
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VIII. APPENDIX A 
Table Al. Combined analysis of variance among states for 91 experi­
ments conducted in Bajio and similar areas in Mexico during 
1979 to 1981 
Source of variation df^ -5 Mean squares x 10 
Environments (E) 90 317.5** 
Among states 5 5438.0** 
Varieties (V) 22 1451.7** 
V X E 1980 30.5** 
V X among states 110 63.3** 
Pooled error 6006 5.7 
degrees of freedom. 
**Significant at the 0.01 level of probability 
• 
Table A2. Combined analysis ( of variance among experiment stations for 
91 experiments conducted in Bajio and similar areas in 
Mexico during 1979 to 1981 
Source of variation df -5 Mean squares x 10 
Environments (E) 90 317.5** 
Among stations 11 1264.4** 
Varieties (V) 22 1451.7** 
V X E 1980 30.5** 
V X among stations 242 77.1** 
Pooled error 6006 5.7 
^Degrees of freedom. 
^^Significant at the 0.01 level of probability. 
Table A3. Combined analysis of variance by state for 91 experiments conducted in Bajio and similar 
areas in Mexico during 1979 to 1981 
States 
Source of Guanajuato Jalisco Dgo-Zac-Ags Oaxaca Nayarit 
variation df® Mean 
squares^ df 
Mean 
squares df 
Mean 
squares df 
Mean 
squares df 
Mean 
squares 
Environments (E) 90 523.0** 34 1411.0** 8 2077.1** 2 82.2** 2 1609.7** 
Varieties (V) 22 745.3** 22 562.7** 22 118.8** 22 7.6** 22 71.5** 
V X E 704 36.0** 748 24.5** 176 15.5** 44 3.2* 44 24.1** 
Pooled error 2178 5.8 2310 5.8 594 5.4 198 1.8 198 1.8 
Mean, kg ha ^ 3622 3874 4918 1507 1610 
CV, % 21 20 19 28 26 
^Degrees of freedom. 
^The mean squares were multiplied by 10"^. 
*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
Table A4. Combined analyses of variance by experiment station for experiments conducted in 
Giianajuato and Michoacan, Mexico during 1979 to 1981 
Experiment stations 
Source of Celaya (I) Celaya (R) Iturvide (I) Maravatio, Mich. 
variation ^^a Mean ^ Mean Mean Mean 
squares squares squares squares 
Environments (E) 15 5282.5** 9 2458.6** 6 1628. 6** 7 3323. 1** 
Varieties (V) 22 949.3** 22 57.2** 22 121. 3** 22 261. 2** 
V X E 330 34.1** 198 20.9** 132 11. 5)VA 154 37. 7AA 
Pooled error 1065 8.5 660 2.2 462 5. 1 528 7. 7 
-1 Mean, kg ha 5363 1311 2945 3243 
CV, % 17 36 24 27 
^Degrees of freedom. 
The mean squares were multiplied by 10 
^^Significant at the 0.01 level of probability. 
Table A5. Combined analyses of variance by experiment station for the experiments conducted in 
Jalisco, Mexico during 1979 to 1981 
Experiment stations 
Source of Tepatitlan (R) Ocotlan (I) Ocotlan (R) Ameca (R) Guzman (R) 
variation ,^a Mean , Mean ,. Mean Mean Mean df b df df df df 
squares squares squares squares squares 
Environments (E) 9 935.4** 1 1371. 6** 6 2441. 2** 9 667. 1** 5 111. 1** 
Varieties (V) 22 230.2** 22 154. 2** 22 59. 3** 22 154. •J** 22 113. 0** 
V X E 198 28.3** 22 12. 3** 132 28. 5** 198 21. 9** 110 10. 0** 
Pooled error 660 5.7 132 8. 1 462 4. 3 660 6. 9 396 4. 8 
-1 
Mean, kg ha 3892 6618 3561 3658 3655 
CV, % 19 14 18 23 19 
^Degrees of freedom. 
^Mean squares were multiplied by 10 ^. 
*,**Significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table A6. Combined analyses of variance for good and poor environments 
from experiments conducted in Bajio, Mexico during 1979 to 
1981 
Environments 
Good Poor 
variation 
df* Ms*" b df Me*" 
squares squares 
Environments (E) 
Varieties (V) 
V X E 
Pooled error 
-1 
Mean, kg ha 
CV, % 
9 2081.9** 
22 1055.0** 
198 21.9** 
660 9.7 
5677 
17 
20 645.6** 
22 80.9** 
440 5.8** 
1386 2.0 
1356 
33 
^Degrees of freedom. 
b -5 
Mean squares were multiplied by 10 
**Significant at the 0.01 level of probability. 
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APPENDIX B. MEAN YIELD DATA 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
CAEB cat AMANr CERRITOS BELLAVIS S MIGUEL CAEB POANAS CAEVAG TRAPICHE M AMTTTPHM 
VARIETY CELAYA O L/Mi J/il» Lf GTO 791 M DOBLAD PENJAMO YURIRIA CELAYA DGO DURANGO ZIMATLAN 
nrtPf i CiOUlN 
r\AY ftOR 
GTO 791 GTO 79R GTO 79R GTO 79R GTO 79R 791 DGO 791 OAX 79R U/iA OVf\ 
VS-201 5477 4154 1414 1375 1757 828 1044 1912 1502 1356 
VS-202 4653 3452 895 1250 1785 571 926 1304 1201 1085 
H-309 8565 6400 837 1482 1079 246 1173 2343 2169 1606 
V-370 9064 62 45 430 1331 519 144 1033 1747 1844 1065 
H-204 4765 3175 1251 1173 17 79 1109 1200 1538 1153 970 
H-507 6501 5508 145 397 167 12 637 1653 1610 458 
H-222 5859 5124 1142 1641 2012 511 1500 2109 1346 1298 
P-515 5534 2967 118 549 189 38 679 2285 1786 1040 
H-230 7854 6161 1006 1347 1067 338 1616 2245 2156 1656 
H-133 7096 5864 569 1462 626 195 1702 1902 1519 1062 
CAFIME 5416 4059 1210 1901 1631 520 977 1947 1330 1559 
H-220 6894 5650 1500 2072 1851 593 1438 2337 2014 1287 
H-221 6838 4781 1376 1839 1964 482 1266 2191 1771 1539 
B-666 10431 5295 185 456 174 49 103 1914 1106 927 
B-15 8851 5694 184 573 452 111 738 2068 1636 941 
EH 9278 60 70 384 858 350 119 621 2723 1623 887 
H-369 7911 6920 342 1000 737 299 1013 2315 1230 1121 
B-670 7598 5058 206 408 328 35 545 1961 1308 669 
CELAYA II 7518 6150 791 1930 702 88 1240 1798 1598 948 
VS-373 7566 6658 477 1266 493 92 589 2084 2191 1561 
H-352 7140 7156 1192 2472 872 240 1091 1968 1996 1280 
H-366 7629 7462 214 1964 752 29 832 2044 1207 1158 
A-79 3 7446 13079 723 1507 497 87 1642 2487 2728 1274 
LATT EFF 107 102 143 108 143 100 114 110 — — — — 
MEAN 7212 5786 721 1315 947 293 1026 2037 1653 1162 
RANK 90 81 6 13 8 2 9 26 17 10 
ERROR MS 1411572 1231561 59458 154785 77780 29599 147765 103799 249436 160228 
COEF VAR 17 19 34 30 29 59 38 16 30 34 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
CAEVAG CAEVAG CERRITOS CAEB CAEB CAEB CAEB CHAMACUA SILAO S F NARA 
VARIETY DURANGO DURANGO M DOBLAD CELAYA CELAYA CELAYA CELAYA ACAMBARO GTO SALVATIE 
DGO 801 DGO 811 GTO 801 GTO 801 GTO 801 GTO 801 GTO 801 GTO 801 801 GTO 801 
VS-201 3239 3344 934 4713 5115 4952 4117 2071 3930 4093 
VS-202 2926 2865 784 2978 4194 4606 2771 1865 3023 2717 
H-309 4568 4172 1722 7339 8909 7946 5522 2830 6679 6720 
V-370 5092 3226 1079 7448 8065 6868 4939 2640 7635 7199 
H-204 3508 3271 731 3643 3839 4493 2968 2102 2852 2420 
H-507 4899 3002 594 7840 8998 5702 2035 1868 8134 5223 
H-222 3826 3167 1290 5195 6247 6115 4469 2436 4352 4180 
P-515 4866 4068 161 4821 7621 2645 330 489 2883 2798 
H-230 4982 3718 1857 6659 8154 7841 4965 2600 6841 6065 
H-133 4091 4353 1597 6953 9196 7217 4725 3162 6988 6712 
CAFIME 2947 3091 1046 4301 5073 4623 3714 1958 4083 3926 
H-220 4185 4662 1473 5817 7054 7515 4926 2961 5016 5703 
H-221 4260 4382 1397 5348 6452 6525 4673 2469 4653 4645 
B-666 5671 4678 793 8673 8495 6 9 0 j  3910 2173 9195 5567 
B-15 4064 1700 783 6100 8635 5291 2184 1263 5953 4966 
EH 5726 3919 1116 9249 10520 8743 4461 2946 10362 8648 
H-369 6011 5274 1144 8620 9809 9309 5138 2970 10998 8671 
B-670 5022 5539 626 8023 8833 5343 2698 1899 8213 4894 
CELAYA II 4385 4702 1604 7052 8010 7339 4597 2583 7178 7550 
VS-373 5827 4632 1360 9079 8904 8115 4399 2606 9658 8542 
H-352 4693 5982 1618 7833 8857 9180 5404 2743 7304 8252 
H-366 5624 4450 1064 8738 9371 8014 3914 2324 9149 7199 
A-79 3 6843 5476 1999 8350 9928 9138 4684 3015 9467 9787 
LATT EPF 123 116 152 100 100 102 110 114 105 102 
MEAN 4663 4073 1164 6729 7838 6718 3980 2347 6719 5933 
RANK 68 58 11 88 92 86 55 28 87 82 
ERROR MS 1141522 814688 188472 670750 1185356 600021 282314 112457 14440776 913870 
COEF VAR 23 22 37 12 14 12 13 14 18 16 
MEAN YIELDS (KC/llA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
VELLAVIS B AIRES C N MEXI S MIGUEL CAES LA MORA ESCO- SN SIMON 7APHPAM ACATIC 
VARIETY PENJAMO PENJAMO SILAO YURIRIA CELAYA MASCOTA BEDO MAGDALEN TAT fiAD JAL 
GTO 801 GTO 80R GTO 80R GTO 80R GTO 80R JAL BOR JAL 80R JAL 80R 80R 
VS-201 2917 2208 1246 191 448 2628 4152 2692 2948 3691 
VS-202 1626 2109 1271 327 245 1668 2885 2278 1939 1733 
H-309 3999 1575 330 501 618 4073 5217 4035 5165 5356 
V-370 4126 983 149 417 272 3767 5338 3206 4774 5443 
H-204 2546 2545 1124 296 233 2290 3542 2516 3038 2086 
H-507 2696 513 70 164 47 3245 4986 3504 4260 4176 
H-222 2910 2312 1408 529 613 2388 3653 1798 3300 3434 
P-515 171 735 114 21 2 4870 4378 3121 5394 3763 
H-230 5294 1623 374 804 632 4066 4942 2643 4949 5279 
H-133 4697 2495 572 251 19 2281 2955 2650 3680 4972 
CAFIME 2850 2200 1086 317 490 3283 3629 2738 2585 3268 
H-220 4030 2281 1762 683 728 3050 4046 3346 4176 4881 
H-221 3228 2637 1494 220 468 3006 3901 3030 3204 4617 
B-666 3256 1307 198 186 218 3560 5887 3871 5744 4602 
B-15 2103 853 130 262 158 3980 5507 3238 4583 4698 
EH 5153 1005 39 275 153 4589 5786 5216 5469 5502 
H-369 6077 1249 156 817 363 4005 7422 6887 5478 6940 
B-670 1987 1048 138 168 115 5384 6279 5279 6009 4434 
CELAYA II 4793 1348 79 213 199 3849 4853 4620 5436 4636 
VS-373 4942 1134 717 321 296 4487 5730 4342 4703 5968 
H-352 4754 1933 349 611 465 5531 5146 3828 5426 5795 
H-366 4326 989 171 258 112 5503 6190 4470 5076 5397 
A-793 4980 1873 667 556 382 5248 6072 5255 6836 6508 
LATT EFF 101 100 100 101 101 140 100 100 108 
MEAN 3629 1606 593 364 316 3772 4852 3681 4529 4660 
RANK 42 15 5 4 3 50 72 48 65 67 
ERROR MS 602447 66409 267290 71842 36404 1100164 938869 678532 1137716 492095 
COEF VAR 21 16 87 74 60 28 20 22 24 15 
6592 
4371 
4605 
5319 
4616 
5786 
5062 
3675 
5010 
5912 
6535 
6226 
7902 
6928 
6529 
6625 
6461 
6472 
6593 
6615 
100 
5720 
79 
2979 
16 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
UQUIO 
L 80R 
TEPATITL 
JAL 80R 
TLAJOMUL 
JAL 80R 
0 D AGUA 
JAL 80R 
TREJOS 
JAL 80R 
CAEB 
CELAYA 
GTO 811 
BELLAVIS CAEB 
PENJAWO CELAYA 
GTO 811 GTO 811 
SILAO 
GTO 
811 
3121 3881 3370 3790 2613 4480 1685 5486 3083 
2943 3036 2455 2813 1888 3932 725 4475 1159 
4337 5104 5034 5367 4966 4847 2616 7494 5086 
3715 4679 5724 5173 6567 5536 2795 7545 5071 
3328 3516 2853 3143 1831 3574 1628 4901 2633 
2052 1894 4149 4155 6693 5078 2485 5973 4640 
3627 3923 4161 4542 3473 4368 2292 5487 34-21 
2875 1149 3848 3540 5505 5177 1491 5375 2030 
4269 4120 5306 5618 5459 4869 4020 8253 5690 
3611 5088 2233 4484 7290 4588 3457 8145 4398 
3476 3504 3775 3857 2158 4721 1182 5420 2125 
4091 4162 4647 4522 4237 4985 2418 6510 3948 
3305 3767 4520 4581 3611 4999 2838 6694 3678 
3792 3512 5500 6085 7756 5477 1141 8217 5562 
2717 2783 3063 3831 5639 5960 3409 8193 6134 
4906 3637 6462 5886 6006 6280 2824 8263 7358 
3859 4335 6494 6655 6326 5859 3193 8062 6394 
3751 2174 5548 4817 6807 5604 1897 7217 4273 
4345 4393 5722 4983 5897 5833 4234 7142 4750 
2885 3548 5607 5803 6626 5869 4372 6286 6512 
4974 4466 5396 6323 5850 4911 3796 5927 3789 
3438 3721 6062 5531 7051 6079 2537 6426 5309 
4694 4166 7491 6297 7740 5537 5201 9007 5946 
— — — —— — 144 151 216 137 
~3657 3676 4757 4861 5304 5155 2706 6804 4478 
44 47 69_ 73 76 74 31 89 63 
698445 246491 1148958 408708 529340 811999 1000053 1052204 1139521 
23 14 23 13 14 18 37 15 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
CAEB CAES AMECA ESCO- QYUTLA MASCOTA LA VEIJA FUERTE mrnTFPF CATARINA 
VARIETY CELAYA CELAYA JAL BEDO JAL JAL JAMAY OCOTLAN C GUZMAN 
GTO 811 OTP 811 81R JAL SIR SIR SIR JAL SIR JAL SIR JAL SIR 
VS-201 4431 3684 3897 1991 3970 2902 4304 4441 4682 2622 
Vs-202 3628 2176 2971 1619 3711 1767 4010 3218 3320 1483 
H-309 6888 4589 4427 1812 3982 3553 7395 6233 5547 4299 
V-370 6074 4926 2678 1816 4090 3702 7535 7462 5407 4291 
H-204 4766 2391 3649 1881 3520 3057 3356 3558 3514 2192 
H-507 5453 3350 4052 1408 2789 1695 5159 4881 3517 2836 
H-222 5472 3583 4349 1839 3392 1830 5193 4002 4673 2793 
P-515 5004 1101 4844 2372 3615 3572 6299 6192 4445 3807 
H-230 6739 4505 4539 2212 3891 3047 7436 5502 5277 4472 
H-133 7704 2838 4298 1697 4612 4314 6960 5188 5951 4587 
CAFIME 4468 2929 4005 1909 3638 2895 4583 4565 4645 2559 
H-220 6222 4474 4201 2084 2990 2011 6169 5330 4650 3878 
H-221 5542 4321 4269 1920 3113 2293 5107 4813 5271 3676 
B-666 5970 3515 4140 1906 4297 4522 6304 7514 5059 4991 
B-15 6427 3262 3997 2067 3478 4806 6563 7036 4687 3851 
EH 6855 5412 3053 2108 3483 4226 6931 7386 5382 5563 
H-369 7769 3985 3526 1823 3281 4293 6054 6391 4923 5670 
B-670 5126 3713 3512 1811 3914 4044 6657 6127 3995 2537 
CELAYA II 6496 4098 2607 1477 3024 4035 6218 5951 5595 4183 
VS-373 6623 4536 3544 1555 3360 4439 5671 6621 4907 4731 
H-352 6342 5088 4321 1844 3855 2510 5596 5594 5250 4236 
H-366 6767 4588 3829 1739 3058 4781 6211 6699 4422 4278 
A-793 6423 6021 4176 2265 4948 4384 7531 7252 5817 3789 
LATT EPF 362 101 — — — — — — 101 100 114 100 
MEAN 5965 3873 3864 1876 3652 3420 5967 5754 4823 3797 
RANK 83 54 53 23 43 37 84 80 71 51 
ERROR MS 1165118 265684 549103 180513 534350 657901 701633 646460 342730 807648 
COEF VAR 18 13 19 23 20 24 14 14 12 24 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
LA VIEJA FUERTE SN PEDRO ESCO-
VARIETY C GUZMAN ZAPOTILT SEGOCHE JOCOTEPE C GUZMAN ZAPOTILT JAMAY OCOTLAN AYUTLA BEDO 
JAL SIR JAL 81R OAX 811 JAL 80R JAL 80R JAL 80R JAL 80R JAL 801 JAL 79R JAL 79R 
VS-201 2764 2939 2122 3036 3658 3576 2709 6085 2981 3149 
VS-202 1932 1717 1475 • 1881 2155 1831 2021 4373 2574 2178 
H-309 3321 3143 2202 4389 4911 4615 4914 7780 2272 3494 
V-370 3857 4039 1590 4194 5166 3561 4661 8624 2061 3091 
H-204 2202 2099 1624 2094 2064 2417 2760 3941 2527 2475 
H-507 2624 3023 1062 4230 3486 3178 5111 7978 1654 2627 
U-222 3017 2337 1924 3170 3615 2917 3661 5588 3051 3134 
P-515 3542 3884 1807 4164 4619 4483 4526 7574 2789 3705 
H-230 4190 3487 2346 4925 4804 3164 4913 7774 2411 3895 
H-133 3744 3919 1684 2004 5171 5183 2818 7029 2826 364} 
CAFIME 2650 2286 1993 3551 3593 3565 2928 5490 3736 2768 
H-220 3830 2798 1873 3824 4200 2745 4576 6577 3427 3840 
H-221 3668 2479 2115 3496 4254 3322 3797 6475 3248 3198 
B-666 3790 4439 2111 5552 4725 4154 5386 9121 3062 3787 
B-15 3626 3208 1570 3983 3625 3411 3797 7343 2172 2189 
EH 4291 3625 1290 4945 4159 3744 6367 10475 2349 3632 
H-369 4157 3771 1133 5014 5015 4486 4928 8947 2401 3701 
B-670 3044 4319 1875 4652 4789 3969 5893 9071 1432 3063 
CELAYA II 4533 2634 1396 4926 4225 3209 4096 8398 1861 3900 
VS-373 3788 3855 1542 4676 4451 2820 6563 9111 1622 3411 
H-352 3559 3118 1583 5171 4807 3552 4792 7792 1765 3514 
H-366 4387 3223 1316 3872 5067 2956 5575 8361 1969 2398 
A-793 4377 4111 1568 5843 5209 2893 6772 8167 2636 3755 
LATT EFF 103 101 260 101 130 107 127 103 101 100 
MEAN 3517 3237 1704 4069 4251 3467 4503 7481 2427 3241 
RANK 39 35 18 57 61 38 64 91 29 36 
ERROR MS 341522 189736 133523 522366 402905 853355 554834 969107 482119 343689 
COEF VAR 17 14 21 18 15 27 17 13 29 18 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
S ANDRES LA MORA RAN INIA PURISIMA RAN INIA TEJERO PALMAS TEJERO TZIRITZI POMAS 
VARIETY AMATITAN MASCOTA C HIDALG OBREGON C HIDALG MARAVATI INDAPARA MARAVATI MARAVATI MARAVAT 
JAL 79R JAL 79R MICH 80R MIGH 801 MICH 80R MICH 801 MICH 811 MICH 811 MICH 81RMICH 81 
VS-201 2268 2666 905 2297 1272 4357 3683 2094 797 0 
VS-202 1756 1438 1045 2271 1694 3614 2095 1575 531 0 
H-309 3433 3855 2257 4569 2078 6627 6720 5151 2549 817 
V-370 2771 5364 2950 4442 2012 5114 8191 4726 2493 1463 
H-204 2762 1106 1720 1677 2350 3539 2371 2363 670 0 
H-507 2840 5740 619 4205 1186 4006 5654 2173 685 533 
H-222 3211 2581 1291 1910 2359 3993 4421 4656 1856 343 
P-515 3216 5041 592 4348 775 3094 5195 2020 421 204 
H-230 3430 4374 2705 4792 1629 6837 7173 4920 2751 919 
H-133 1741 4867 4933 4819 3360 6677 5923 4847 1873 1531 
CAFIME 2377 2702 1149 1708 2639 3089 3392 2475 723 0 
H-220 3296 3660 2486 3477 2478 4500 5157 4369 3114 456 
H-221 2750 2991 2604 3748 3337 3729 4884 4995 2522 239 
B-666 3191 5317 929 5720 408 4957 7770 4008 853 293 
B-15 2684 3825 1672 4007 1368 4566 8531 6100 2093 2199 
EH 2551 5151 1417 5644 2010 6386 9514 5173 3607 1795 
H-369 3485 6025 1890 5872 1221 8113 7973 3771 2823 1411 
B-670 2843 5544 1184 5261 0 4881 6974 2635 1386 296 
CELAYA II 2912 4695 2967 4177 2754 6799 7233 3188 3338 1261 
VS-373 3324 5592 1306 5185 1638 5400 8569 4837 2374 999 
H-352 3174 4557 1941 6452 2421 7546 6197 3915 3067 857 
n-366 2789 5028 2500 5853 2025 6872 6683 3471 2604 1223 
A-79 3 3434 5239 1483 5399 1285 6220 6879 4244 3229 1037 
LATT EPF 113 108 100 108 101 100 100 129 197 117 
MEAN 2880 4233 1850 4253 1839 5257 6138 3813 2016 777 
RANK 33 60 22 62 21 75 85 52 25 7 
ERROR 196831 1276480 284512 1347287 432213 1353397 477276 1139610 1014205 121918 
COEF VAR 15 27 29 27 36 22 11 28 50 45 
MEAN YIELDS (KG/HA) OF 2 3 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
CAENGUA CAENGUA CAENGUA CAENGUA CAENGUA CAENGUA CAENGUA „ ^ , G C CAIDAS 
VARIETY ITURVIDE ITURVIDE ITURVIDE ITURVIDE ITURVIDE ITURVIDE ITURVIDE Cl; nmn FARIAS LA BARCA 
GTO 801 GTO 801 GTO 801 GTO 801 GTO 811 GTO 811 GTO 811 JALi JAL 79R JAL 79R 
VS-201 4042 3482 4119 2834 673 1280 964 3219 1999 2762 
VS-202 2242 2333 3277 1906 400 750 670 2130 1398 2554 
H-309 4357 4529 4813 4077 1806 2115 1347 4174 991 1341 
V-370 3232 4586 5139 3496 1668 2303 1387 3906 906 1692 
H-204 2417 3029 3884 3070 1076 642 800 2546 1709 2401 
H-507 2918 3768 3887 2771 1536 2331 804 2623 451 903 
H-222 3460 3553 4758 3681 1500 1327 1254 3020 2078 2934 
P-515 3217 1352 2970 935 658 926 1230 4159 1149 1222 
H-230 3604 5070 5048 2725 1680 1975 1234 4815 1060 2075 
H-133 4825 4842 5653 5258 2629 2039 1566 3859 1430 1842 
CAFIME 2539 2498 4397 3005 775 1181 907 2944 1637 2549 
H-220 4548 4256 5107 2934 1201 1443 952 4111 2459 2827 
H-221 3527 4650 4947 2783 1623 1118 1719 3273 1891 2863 
B-666 3887 3982 5320 2731 2305 2619 1419 3804 1189 2175 
B-15 2956 3331 4382 2717 1765 3261 1530 3834 837 1152 
EH 5301 5315 5259 4844 2596 3306 1739 3918 1041 1356 
H-369 4950 5499 6406 4993 1605 2504 2218 4014 1442 1519 
B-670 2790 3331 5484 1295 2060 1885 806 3771 817 1207 
CELAYA II 3191 4939 5137 4162 2060 2131 1748 3734 772 1180 
VS-373 4275 4891 5031 4493 1981 3088 1506 3964 1249 1350 
H-352 4428 5158 5070 3947 1702 1957 1513 3989 1099 1583 
H-366 3791 4228 4774 3396 2530 2516 1541 4369 1277 727 
A-793 3928 4387 5281 2292 1652 1675 1490 4101 1125 2039 
LATT EPF 100 105 110 105 — — 102 102 116 116 
MEAN 3670 4044 4789 3232 1629 1929 1319 3664 1304 1837 
RANK 46 56 70 34 16 24 14 45 12 20 
ERROR MS 585691 725716 534263 947983 429357 212575 103038 305722 151871 239112 
COEF VAR 21 21 15 30 40 24 24 15 30 27 
MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
VARIETY 
IXTLAHUA 
TREJOS 
JAL 79R 
ACATIC 
JAL 79R 
TLAJOMUL 
JAL 79R 
S GABRIE 
CUQUIO 
JAL 79R 
PABELLON 
AGS 791 
PABELLON 
AGS 801 
MOJARRAS 
NAY 79R 
COMPOSTE 
NAY79R % 
CALERA 
ZAC 
791 
VS-201 1842 2587 4000 2439 3738 2938 209 1534 161 4163 
VS-202 1330 2004 2573 1976 2426 2133 227 2127 130 3959 
H-309 3267 3157 3717 2039 3985 4640 72 2808 1691 5602 
V-370 3765 2511 3580 2088 4435 4016 90 2680 774 3908 
H-204 1208 2301 3499 1780 2750 2336 182 1863 158 4277 
H-507 4089 2306 2786 1497 2848 2079 311 3559 4343 2852 
H-222 2485 2656 3836 2836 3594 3411 154 1656 240 5059 
P-515 2977 2233 3227 2006 4368 3063 495 2728 2861 5297 
H-230 3588 2800 4479 1888 4701 4086 152 3123 1259 4308 
H-133 4878 2195 3971 2726 4455 5024 71 3391 965 3995 
CAFIME 1539 2522 4036 2195 2721 2534 316 2027 291 4487 
H-220 3215 3318 4308 3421 5266 4408 386 2083 563 5396 
H-221 2426 2741 3852 2457 4420 3895 118 1617 281 4889 
B-666 4628 2547 3444 2159 4506 3988 113 3774 3993 5347 
B-15 3657 1565 2450 1179 4000 3636 45 2346 1900 4790 
EH 4443 2637 2965 2129 5492 5159 51 4481 3706 5162 
H-369 4293 3131 4070 1733 5401 4963 71 4127 3588 5143 
B-670 4610 2141 3240 1837 4649 2551 976 3902 3710 3884 
CELAYA II 5133 2625 3890 1688 3764 3922 238 1914 738 3822 
VS-373 4245 2974 3488 2433 5155 4126 100 3334 3128 4743 
H-352 4492 3180 3592 2428 3933 4094 151 3106 2059 4656 
H-366 4614 3633 3898 1424 4107 3940 282 3969 3229 3754 
A-79 3 5907 3778 4130 2465 5666 4432 148 3328 917 4808 
LATT EPF 145 100 118 147 107 140 173 117 100 105 
MEAN 3593 2676 3609 2123 4190 3712 215 2847 1769 4535 
RANK 40 30 41 27 59 49 1 32 19 66 
ERROR MS 621348 483676 692258 413245 898925 489525 39126 429971 74206 462304 
GOEF VAR 22 26 23 30 23 19 92 23 15 15 
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MEAN YIELDS (KG/HA) OF 23 VARIETIES EVALUATED IN 92 ENVIRONMENTS 
IN BAJIO AND SIMILAR AREAS IN MEXICO DURING 1979 TO 1981 
VARIETY 
CALERA CALERA 
ZAC 801 ZAC 811 
VS-201 4380 5738 
VS-202 4521 4482 
H-309 7340 6616 
V-370 4947 6313 
H-204 4277 4470 
H-507 3608 3547 
H-222 6050 5290 
P-515 5212 5276 
H-230 6269 6732 
H-133 4589 7028 
CAFIME 4658 5272 
H-220 6711 6086 
H-221 6127 5807 
B-666 5767 5723 
B-15 5336 5746 
EH 5767 5821 
H-369 6871 5923 
B-670 4642 4272 
CELAYA II 5507 5344 
VS-373 5694 5526 
H-352 6190 6425 
H-366 5097 4842 
A-793 5407 6273 
LATT EFF 130 100 
MEAN 5433 5589 
RANK 77 78 
ERROR MS 487457 315859 
COEF VAR 13 10 
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X. APPENDIX C. MEAN YIELD PLOTS 
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Figure Cl. Trend of the response of VS-201 on 92 environments in 
Bajio, Mexico 
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Figure C2. Trend of the response of VS-202 on 92 environments in 
Bajio, Mexico 
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Figure C3. Trend of the response of V-370 on 92 environments in 
Bajio, Mexico 
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Figure C4. Trend of the response of H-204 on 92 environments in 
Bajio, Mexico 
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Figure C5. Trend of the response of H-507 on 92 environments in 
Bajio, Mexico 
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Figure C6. Trend of the response of H-222 on 92 environments in 
Bajio, Mexico 
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Figure C7. Trend of the response of P-515 on 92 environments in 
Bajio, Mexico 
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Figure C8. Trend of the response of H-230 on 92 environments in 
Bajio, Mexico 
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Figure C9. Trend of the response of H-133 on 92 environments in 
Bajio, Mexico 
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Figure CIO. Trend of the response of Cafime on 92 environments in 
Bajio, Mexico 
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Figure Cil. Trend of the response of H-220 on 92 environments in 
Bajio, Mexico 
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Figure C12. Trend of the response of H-221 on 92 environments in 
Bajio, Mexico 
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Figure C13. Trend of the response of B-666 on 92 environments in 
Bajio, Mexico 
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Figure C14. Trend of the response of B-15 on 92 environments in 
Bajio, Mexico 
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Figure C15. Trend of the response of EH on 92 environments in 
Bajio, Mexico 
174 
10000  +  
o one observation 
+ two observations 
" three observations 
8000 
ooo 
oo o 
4000 
oo 
2000 
+o 
i+o o 
+-
-+ 
0 2000 4000 6000 8000 10000 
Ail varieties mean (kg/ha) 
Figure C16. Trend of the response of H-369 on 92 environments in 
Bajio, Mexico 
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Figure C17. Trend of the response of B-670 on 92 environments in 
Bajio, Mexico 
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Figure C18. Trend of the response of Celaya II on 92 environments in 
Bajio, Mexico 
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Figure C19. Trend of the response of VS-373 on 92 environments in 
Bajio, Mexico 
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Figure C20. Trend of the response of H-352 on 92 environments in 
Bajio, Mexico 
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Figure C21. Trend of the response of H-3Ô6 on 92 environments in 
Bajio, Mexico 
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Figure C22. Trend of the response of A-793 on 92 environments in 
Bajio, Mexico 
